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FORWARD

This document is Section 2, of Volume 6 of the Storable Space Tug Systems

Study Data Dump. Section 2 contains the orbital operations performance data.

The first subsection of this document contains the Delta-V Budgets which were

used to evaluate the performance of each concept. The second subsection presents

a series of tables that demonstrate the feasibility of combining several missions

into a single mission. The third portion of this volume presents the bulk of

numerical and graphical performance data including payload capability daSa, perfor-
mance sensitivity coefficients, delta-V versus payload plots, and consumable time

histories.

Reference mission descriptions including detailed orbital maneuvers tables,

and f_nctional/operational timelines are contained in the next subsection. The
final subsection presents ground tracking coverage information for both the NASA/

STDN and the DOD/SCF network
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6.3 ORBITAL OFERATIONS PERFORMANCE DATA

6.3.1 Delta -V Budgets

The desire to accurately reflect the TUG's payload capability to

geosynchronous and planetary mission orbits required that the differen-

tial nodal regression, if any, and the engine thrust level effects

(gravity losses) be factored into the delta-V budgets. The delta-V

budgets presented in this section include these effects.

Table 6.3.1-1 is a matrix that indicates the applicable delta-V

budget for each vehicle/mission combination. For example, if the reader

wanted to locate the delta-V budget used by a single stage TUG with an

AKS deploying a single payload to geosynchronous orbit, a glance at Table

6.3.1-1 would indicate that the Option (i, 2, 3A, or 3B) must be known.

If vehicle/mission were to be in Option i, then delta-V budget 13 (BUDGET

TYPE 13) would be applicable. Budget type 13 can be found in the next

table, i.e., Table 6.3.1-2. A similar procedure is followed to identify

the applicable delta-V budget for other vehicle/mission combinations.

['A_;E 6.3- I
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6.3.2 Mixed Mission Performance

The feasibility of combining various missions from the Missions Model to

form one mission has been demonstrated and the results are presented in the tables

accompanying this section. The combined missions were formed from five

missions in the Mission Model, i.e., Mission 12 through 16. Those missions from

the Mission Model whose mission orbits were closely related, energy-wise, were

combined into a single mission that was ultimately "flown" with the limited

capability vehicles in Options 1 and 2, i.e., IIOA-I and 410AD2.

The particular Tug concept in question was loaded to the limit defined by

the Shuttle's capability for a launch directly into the orbit plane required

for the first payload placement or retrieval. Thus, starting with an off loaded

TUG, the orbital maneuvers req_red to accomplish the multi-mission orbit operations

were performed, and the required MPS propellant was checked against the MPS

propellant available in the off-loaded condition. The results indicate that each

of the combined mission presented in the accompanying tablescan be successfully

flown with the vehicles previously described•
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r. &5ooo- I_9

6.3. _,, onion i

CONCEPT w_OA-I

G=EO 5',l' N C H OE PLO_( P E:IP-FORI4 AN C C:.

I=P = B27.2 seC

W_ --- 637Z I II_s

Wr,'_b = Blgl Ibs .:;

WI_o -- Y'ltr_xC_ "1"0.1"1 Con_u_,,.ble._
!

=- _191 _ O.lqC /

T_qa he_sSr_-- L_ = 335;n

AK5 te.5+h : L_ = 66,n

Avc_;l_ble P/I. L-e_5_'h " 720 - BB5 = 385 ;,_

--72o-335-6_: 3_9,- =

x,H'TtJ ,--,,_-T _J i ? _ ,=.-r._?-,I:::¢-,

WBo= _i91--+ o._'-/(.3_.9) "= 324"1 P0S

WV1N K_CY. _'I'A£_E5

KS _01 V_pA. ' 1= 14_( P/LWT, ,,V ) <e=_ F,1 4._.,.z-s )

GEo SV _cva v_ ss_a,___ss

K% IOZ

PAC_E C;.3- iP



COMCEP'T IIOA-i (co-_)

DOD Ml%SlON15

WITt-lOUT

WIBo =

K_CK _TAC_ ES

_247 * 13

32& o Ibs

WpIL :
f
I
!

WI-[._ .t<lCK _%-rAGES

USE NASA K,_.I,- _'l'aqe

= B9&,4 Ibsl (#4'r'_4.s'l2-z)

Pef _'o,c,-_ G.,,'YC _.

L
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.... .i-S-To.v

CONFTG. CONCEPT 0 110A--1

I--STG DEPL 1 PL-AKS IN GEOS

| ST THPUST

2 Nt::J PEL_ASE ST

W8

-SLEW IMU POI

S NB IMU POI

_ 6 PQI

"3' MPS VENT

8 W_I

_., 9 SLEW MCC

10 NB MCC

11 MCC

, _ 2 WR

13 SLEW IMU TO!

IA NR tMU TOT

15 TO!

16 MPS VENT

17 WB

_.E..ttMCC

$

$

*

PRO-MAIN PRO-APS

$4'$**$*$ *$*$**** ,

.. ._.,0 4, OeQ

00_ * 16.S

0,,0 .* 0.1
21127.R $ 0r*0

900 * 505 .

_;.0 * 7401

___ 0.0 * 0,1 _

000 * 11.0

n.O * 0.1

tit kFT
**,$$,$,

63721 of) * 900 * 63721o0 *

63T_,1o0 * ftoO * 6372_.9 *

63720.9 * "J._ * 637+?.0e? *
63720_,9 $ 0.0 $ 63704.4 *

63704o4 * OeG * 63704.3 *

63704.3 $ 0.0 * 42S76,.4

4257604 * _.0 * A2568._ *

42568.4 * O.O * 41.2568o4 *

• 4,256804 * _,,0 * 42562.8 *

• 4256208 * 0.0 * 42562.8 *

$ 4256208 $ 0.0 * A248808
$ 4_488.8 * 0.0 * 4._8R_.? *

$ 42&_8.7 * _oO _ 42477,6 *

4_477o6 * Oo_ * 42&7705 *

lo N_ MCC

2D _CC

_ wB

22 SLEW DEPLOY

23 N8 DEPLOY
_4 DR_P PL |--AKS

25 THRUST F_ PL I

?6 WR

* _-g&49o9 * OoO * 29441o9 * _).O * _,0

2g_41e9 $ 0*0 * 29441*7 * '_._ * 0*3

* ._._+.4zI.LZ_2* ___ 0,0 _.____P9437+,8 * ._.__ * 3.8

* Pq&3?._ * r._ *

# 29437.8 * 000 *

* 2q390.5 * 0.0 *

* 293q0.3 * 000 *

29386,4 * 0.0 4,

* "PA__2og * OoO *

29390.S * '_o_ * 47.3

2g_90.3 * 0.0 * 0.3

2g386*4 * rl.O * 13.8

2Q3RG*3 * 0._ $ 0,11

74_:_.9 $ _.._.O_w_O* 0.0

74.13o0 * _00 $ 9.g

7403.g * _.0 * 9.1

* 74.n3.9 * 0.0 __ T3_4LO_3,LS___*+....... _}.0 *

* 7403.5

$ 7403ol *

* 6971._ *

* _06g,4 *

* 69_9_3 * ,.
* 6969.1 *

* 6967.3 *

0.0 * 7403.1 * 0.'0 *

0.0 * 6979.0 * 424_t *

0.0 *. 6971.O ..*... 0._. *

_.0 * 6969*4 * _..O *

O._ * 696g.3 * + _._ *

....0 _,0 .*. .6969.,r_ ___ ...... O_,0 *

Oe@ * 6967.3 * _.O $

0.0 $ 6965.7 * 0*0 *

0.4

0.4

OoO

0.0

1.6

0.1

1.9

1.6

0.4

27 .SLEW TMU TOI
28 NB [MU TOT

29 TOT

30 " MP5 ¥_NT
_1 w_

32 SL_W MCC

3_ NB MCC

34 MCC

35 we

36 SLF_ [MU PO[ , ,
37 N_ IMU POI *

38 P_T $

39 MPS VENT .*
40 W8 ..*

41 SLEW MCC *

#_ N_ MCC *

43 MCC *

44 W_ *

• _5. SLEW. I_U _I_C *

46 N_ IMU CTRC *

4? CI_C *

48 WB *

49 SLEW ADJ *

S_ NB AOJ *

_ 51 ADJ *

6965.3 * OoO * 6964.g * 3._ *

696_.g * _,.0 * 489106 * 2_73._ *

48g_ 96 * (_ *0 * 4.083.6 $ '_ *O *
4-883.6 * 0._ * 488107 $ /_.0 *

4881.7 * 0.0 * 4861.6 * 0.0 *

4881,6 * 0_) * ,4.8B1,4 * '_j..O *

488104 * 0.0 * &874.2 & _J*O *

&87_,2 * _*O $ 4872,4. * 0,0 *

0.4

0.0

0.0

1.9

0,1

0+_ ,
?.2

l.g

487;_.4 * ,, ,,QgP * ....... 4872.1 ,* , , O+O #
&#_72.1 * 0.0 * 4871,8 $ 0.0 $

4871.8 * (1.0 $ 3288.4 * 1583.4 $

328e.4 • _.__+_.___+.0_,0 *

3287o8 * O,O * 3287oR * 9.0 *

"$287o8 * _o_ * 3287.S * 0,_ *

3._7_S,* Og_ * 3282e2 * 99G *

0.3

0,0 '

-------Q.L_L--

. 5,_3
_2 VB * 3282.2 * O.O * 327_o? $ 0.0 t+ _*6

53 SLEW EOS CAPTURE ST * 3279.7 * 0.0 * 3279.6 * 0.0 $ 0.1

S4 t_m____6_R!U_P.£_ ....... '___._ .... _.Z.9_L_* __...9_,._0 * .-_.ZT_L3__* ...... 0____*._ .... __.t3___:

S 5 "CONTINGENCY 1.7( * 3277o3 * 0.0 t 3190.8 * 86.6 * 0,0

•PACE G. 3- 24 ******** ********
,, TOTALS ...................................... ___322.8 21 2.0



CONSUMABLES ANALYSIS

Assumptions

(1)

(2)

APS AV = 0.003 x Preoeding M}_S AV

NB (Narrow Deadband) attitude control used during IMU

update, MPS and APS burns, deployment and capture by

Shuttle, deployment of and docking to payload, and

rendezvous and docking to payload.

MPS AV contingency = 1.7_ MPS AV

Rendevous :

TPI 30 ft/sec

TPF 35 ft/sec

Dock 8 ft/sec
i n Imm -- ..... j .................

TUG O_LTA--V BUOGET

MPS

AP8

APS

...CONFIG, .CONCEPT 0 .. t.tOA+-I ..................

.............................................................. P_',L..M_IN ....... !3_¥_ .A P__ ..........................................................
******** ********

1 ST THRUST * 0._1 * O,C

.............. 6_..... _o! ................... * ...... ++41.4_.__._9_1, __ 9__,o .......
II MCC * _.0 * 13.e

1._ TOI * 3_56,0 * 0+. n.

............ __ .......MC__............................................... ._"t'............... 9._,___...*_....... _1__2,_._............
P.% THPLIST =p PL 1 , _.e_ , lOoP

_q TO! * 621.0 * _.P

........... _+.. ..... M.._c__............................. • _.n • __.o .......

_ 4"3 MCC * 0,,_ * llo0

......... __.+7....... C'!++_.C................................. *_ ........_4._1_.3._,:_ _.*............ _O__t_n._..................................
51 AI_J * _00 * 12,_

.+ 5_ CONTINGFNCY lo7( * 2Bl,__ * 0.0

• ******* ********

TOTALS 16858, R 60,_

PA G-_C_. 3_ 25



PA_E 6.3- 25

TUG W_IGHT H_TO_Y

CONFIG. CONCEPT _ 11_A--1

I-_TG DEPL I _L tN G_S

WT 8EF DLT PAY WT A_'T I_RO--MA|N PRO-ADS

1 ST THRUST • 63721.r) • (}.0 • 63721.,_ • #)00 • Oe _'I

2 NB PELE4SE ST • 63721.,'1 * 0.0 * 63721._ • _._ . n.9

-'3 W._I • 637210¢' • nt n . 6372_t O • 0tr; • _.#t

4 SLEW IMU DO! • 637L_09 * 0.") * 63704.4 • 5.0 • 16o5

5 NB IMU Dolt • 6370404 • O.0 " 637.')403 * '_0_ • he1

6 -Pr1| • 6_7_403 • O.0 • a:_411oC • 21293.3 * 0.0

7 v8 * 4241100 • 0.0 • d.241_.9 * _..eO • 0.I

8 SLEW MCC • 42410.9 • 000 • 424r5.4 • 009 • SoS

9 NB _CC • A:_AC,_,e4 • 0qt'_ t A;_A,_,503 • _e_ • 00,'3

1_ MCC • 424_503 • {1.{1 • 623_10S • ')00 * 73o_

11 V'3 • 423310"; * 00_ * 4233105 • _09 • _ol

12 SLFW !MU TOT • 42331._ • 00_ • 4_3_q.,_ _ 0,,n , |l.n

13 NO IMU T0I • 4232005 • 000 • 42320.4 • 0.0 • 0ol

14 T0! • 42320.4 • 0.0 • 29F24.1 • 13_9602 • 000

1-5 MP_ V._.NT • Zq_4.1 * _0"1 11, 292120_ • 0e0 • 0._

16 VO • 29212.1 * 0._ * 29211.9 • (1.0 * ¢03

17 SLEW MCC • 29211.9 • 000 * 2920801 * 0.0 • 308

18 N8 MCC • 29208.1 • f_.(1 • 292r,8.P_ • ?=_ • 00_

19 MCC • 29208.9 • (1.0 • 29161.1 • 0.¢} • 46.9

29 VB • 29161.1 • 00'_ * 29160.0 • O._ • 0.3

21 SLF'W [MU MOt • 29160.9 • e).t_ ,,, 291,'53.3 * 90f" • 71_, ,

22 N_J I_IU M0I • 2915303 • 000 • 291'53o2 • .'1._ * 0ol

23 M0! • 2915302 • 0._ • 1674501 • 12408.1 * 70'}

• '4 Mp¢; VeNT • 16745.1 • O.f_ • I_?RR.1 • _.fl • (_._

25 W8 • 1673301 * O._ • 16732o9 • _.0 • _01

26 SLEd MCC • 1673200 * 000 * 16730.fl • ¢1.0 • 202

27 N_J MCC • 1673o.n * _.C • 1673_'.7 • _)_ • 9.0

28 MCC ,_ 16730.7 • 00_ • 1669004 • 909 • 49o3

29 W9 * 1669004 • Oen • 1669_03 • nor_ • 001

30 SL'_W O_PtOY • 1669C.3 * O.t') • 16688.2 * 9.0 • 2.2

31 N_ DEPLOY • 1668_1.2 * 000 • 1_6_.1 * 0.0 • 0.1

32 DP0O PL t • 1668801 • -4C220_ • _2666.1 •

_3 THaUSY _ _L • _2_660_ • 0o_ • 1264901 *

_4 WR • 1264901 • 0.0 • _26a9._ •

35 SLFW IMU TOT • 1264901 * _._ • 1264904 •

36 N_ IMU TOT • 12_&8-4 • _0_ _ 12_48.2 •

37 TO! • 12648.2 * 0.0 • 7262.8 •

38 MPS V_NT • 726208 • 000 * 725_08 •

4 _ _L_W MCC • 724_.1 • 000 • 7_809 *

41 N8 MCC * 724809 * _00 • 724808 *

4_ VB * 7231.3 • Q.O • 7229.6 •

44 SL_W Y_ _OI * 722906 • _._ • 722903 •

46 P_! • 7229. _ * _0_ * fi_C702 •

47 MPS VENT * 5_707 * _o_ * &99502 *

48 WR • 4995.2 * .07 * 4994.1 *

49 SLFW qCC * 499401 * _.O • 499309 •

S_ N8 vCC • 4_9309 * _._ * A99308 •

_1 uCC , 4_Q_.R • nt_ * 4985e_ *

52 W_ * a_flRoq * 00_ * 49fl_05 *

5_ _LFW |MU CInC • 49_405 _ 00_ _ 4994o2 •

_4__N.___ P __ ' * _4_.__.____ ....... _ e___-_ .....4983_9 .*..... _0 h .* ......... 00 m

'_00 * 0.0

qtQ • 17o0

"J.0 • 0.0

:).0 • _07

538.504 • 0.0

_.0 • (loo

_er, • 107

9e0 • _02

"00 • 0.1

?_') • 17.5

"J.O * 1.7

_)e@ • 004

O.O * 1.1

_.O • 001

0._ • 0.1

_.r. , 003



5_ C%_C

_6 WR

57 SLEW MCC
• 8 . NB MCC

59 &OJ

61

62

SLEW E0S C_DTURE ST

NB EOS CAPTURE ST

CONT[NGENCY |._7,

TOTALS

4983.9 t 0.0 $ 3349e1 $ |636.9

3-349.1 $ O.O $ 334R.5 $ 9._j 8 1_.6

$ 3346.J. $ 0,0 $ _388.2 $ 9.0 4. 0.2
3348.2 $ OeO 8 3342.8 • 9.0 _ 5.4

# 3340.4 • 0.0 • 33A0,4 lit 0.0 $ 0,,1

3340.4. $ ¢lor_ _ .'_338,,1 $ _+0 $ 2,,2

561 8_.9 273.0

TUG OELTA-V BUDGET

CI3NF_[C... C_NCFPT ._ 11_A-1 ..........

1-STG DEPL I PJ.._L__GEOS

!
6

14
19

_,-_

3_

0V MAIN DV APS "

ST THRUST • 0._ $ e$0

3?

47

..... _6

55

MCC 4, 0 .O 4,

TO[ $ 3898.0 $

MCC $ 0 ,a $

MOT • 5R37.0

MCC 4, C,,0

THRUST _'P PL __ .... e_O 4.
TO! • 5840,0 $

MCC $ 0 ,,0

PO| $ 3866,,0 $

MCC • 0,,0 $

C_[_C ,4, 4.18_.9 $

13o0

0.0

12,,0.

0.r_

18.o

|0.tl
0.0

18.0

0.0 .

12.0

12,,0
+ _5,3 CONTtNGF-NCY |.?( ll_ 474.5 $

',: TOTALS 2s_e3,S

0,0
$$$_++$+

9S_Q
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6.$.4 OPTION 2

CONCE_QT 410AD-2

GEO_YNCH PERFOP, klA_CE

REFE _E_J CE5 :

O. 410AD- I Co,_cep'r

b. 881M047- 73o54,

be_,ni'_,onj Issue _ _dn_e_ IG A,u_ust 197_3

"T_ 9 Recju,remen÷_, Rev, s,6_ _," cl_{-=cl J5 Au_ 1975

GENERAL -r.NFO Rk4 A-l" I O IN

WF',xlEI> "= 341..__5516_

WL = P/Lo -- _l,b,,,p_-

'v,,/,_= G3"/2 1 !1,:>,,,

W6oI = WF_eD "_ _._s)

.T_p_rF : .q8_ .IZ_p=

Tu 9 Leng"_h - L'r - 297 ,n

IX,,cl_<j4-n_3eLen_ |h = L_ = GG,_

O(b,_er F/L I'5o_ ' " ._l..- I = 720 ,n

Av_;Inl_l= P/L _5=_ L_,,gfh TM Lp = Lo

L Pc_,,b K.s.)

Lp (_.;th I _'.s)

= ? ZO - 297

- 72o - ('z97-_G&)

=7"2o -(7-q7+ 152 )

-(L-r + ZLK )

- 4"L3 ,"

= 557 ,-

= 2q I ,_

:  9.]s74 :

= 24.25 _'÷

GI....__ Iie Pa_)_oc, cl .:

\qBocoep_o,j ) = W_.- v'/_._zv -- _54_'5+O.il (_..&9)-Io7

WBocr.o._.._-r_,r ) V:'_oT.: Z4_.5 -;O'Z7 ( " _"

PAdE (;.3- 22

= 3550

= 557_

.'t32.254 sec

 5,q

_bs

!bs



CONCEPT 410 AD-2 <¢onf )

_in_le _____load Ce.o_{')

Wp/¢. C_'r_¢,_e) : _ ¢ 637zl, :_s-¢'o, _2.254 )

WP/LCR.uUta Telp.) " -_(/ibTZl, gS"/G. 3_7.ZS" )

_lul]-;- Pa_jloads.

WPIL <,l:>epIo_ )

WpIL (_,,,,a n_e)

4914 Ibs

15-/4 Ibs

= Io6o Ibs

, _+t: "1
_.1cs.z.z-; /

If e,=l: -

_,_,,.+._.=.-_)
t Re_ \

K5 4Ol Plo_et%rg o__.eleJ._:_

LUeo =- LOsoz- uJR-rev = =3415,0.17('_,5)- 107 = 9.._5J Ibs

L,JP/L cm=,_¢!--.,_J = _ (P/L_', Av) = To Fi_ 4.3._.?- -ev= 18,40'_ _eps

_Bo = uO_oz = 341B+0.17(-'zeS)-Io'/ = "555__1lb_ CDeplo_l F'li_h{ )

I.UIBo= U-_of_ = 5413f0-_ (GOo) " 359_._.__Ib-,c (e-arr,;v¢ Fl,_h|)

I I s+¢_P,'L = C(_,_o,_.SPE,_V) : 3920 Ibs _i_ 4._._._-

K_ 404 Double .P/L Oel?to___- Tr.d_v;dual Rekr,evr, t _,_ Lc,fer E_l,_b_:_

u._o = u_oz -uJ_zv-- 5413, O.i7 (355)-1o"/ = _5_ Ibs (,.Dcp1o_ F1,_i,+)

Ldi_o = Weo-_ ,= b415. O.'2_(g60) " 355'81_5 (.ee{rlewlFl,_kl)

= '_ ?_?7C) Ib3/p L F_ _. _. :3.2.9 -

PAGE G.3- 2q



CONCEPT 4 IO AD- 2 (co,.,.f)

OOPIL. = _(uJ,;,_Ueo, Z_ ,, ",v) = 2640. Ibs _

/
r

6_ 20 Jbsu..)e/L = _(w,_,_6o, zse, ,,,,v) -"

_.ee

_",,_ 4.3._.'z -
.J

PAGE C.,.3 - 3".'



CoNcEPT 410AD-2 (co,_÷)

DOD I_11551OI,3_S

4-/98 Ilos

1525 l_s

!o44 l_s

IVlulfi- Pa_locLdS

WelL (.ve_,lo_ ) =

V4I'T_ K I C K STAGE,S

U_e h]ASA K,cV-, c_-_-_9e Per,gorrnc_Ce

-See I:i_l_res 4.3.2.'Z- fhrou3h

PAGE (;.3- 31



t

t

>..
P
>

P

@)

U)

F'O _E,
::Z

_>.# .--
i11

<1 p_9 _-q-

,/)

/O
O

,n _. "J'

0.

I--

J _ ._

I,-
:I:
,,9 #_

A 0 __

ft.

i

Q

,J

t-

12 ul
L_ Q

0

i ......

b
I

I

_0

!

,,9

I

I I

6 6

0

I

N
.L

|

,.9

I

0 o

O_ 0 _

6

.... i

.9 0

I I

i

0
H
co

0

d

0
0

I

uJ
I1. z

_o .J

p <

C) ILl
C_

O
I::I:

uJ

O
,.J
<

>'w
0
J 0
rl U
ILl

O

6

r--
i.o

,%.
<" o

W J
> _:

'>-- Lu ul
Izl

oc_ _._
J8O.
k.I LLI

(xl
!

O
,,q-

ua

":Z
O
(,.¢

Ld

F
>

k-

U)
Z:
UJ_

Ot
_J
>-

I

C,,I

_q
W,

!.1.1
_J
00

P

PAGE 6.3- 32



PAGE i;.3- 3"_



(I-'

mlll

uo u

x-" E

mn

PAGE 6.3- 3fl



Na

I0=

.-,,;
u°-_

q_
=.e,_
UU

Wm

_;_,"_ '3.3- 35



N_

u_

I,-

N U



N_

=>-I
1.0

PASE L:.3- 37



a.--"

II'l.I

x>l
_,Qw

!i"d

W_

|:::

PA(IE i3.3- 32



i

k'l.-

+0
__X

_1

iiJl. I

!

PA?E C.<3- 3"_



N

Oo

X"

_d._i _i_ _-i,ir,_.ii._i_i_L



+.,

_Z

__<-"w

o

PAGE (i•3- '_.1



rill..

|d
lio_ v

i=, 0 il

!i"
mm

I I



P_G[ G.3- 43

TUG WEIGHT H[STt')PY

CONFIGe CONCEPT rl 4T041_- 2

1--STG OEPL | PL fN G'_O_;

WT BEF DLT PAY WT AFT PRO--MAIN PRO-APS

1 ST THRUST * 6372100 * 000 * 6372100 * t')eO * 000

2 NB REL_'kS_ ST * 6372|00 * O.fl * 63721._ * 000 * 000

4 SLEW TMU DOt t 63720o c) • 000 * 6370404 • OoO * 15o5

5 NR tMU I:)0[ * 637?404 * 00. q * 6370403 * OeO * C01

6 POt t 63704t3 i OtO * _-'_;_'._eO * ?_552,p3 s ,Oefl

? WB * 431.':02o0 * 000 * 4315 oq * 0.0 * 0.1

8 SLE'W MCC * 4,315109 _1, 000 * 4314t)03 * heO * 5o6

9 NB MCC _ 43!145o_ _ (':00 * &3145e'4 * _, 0_ * O.,r'

10. '4CC * 4314603 * 000 * 4307102 * 000 * 75ol

111 WR * 43_71o2 * 000 * 4.'_771ol * _00 * 001

12 SLEW t_lO TO! * 43'1"/'1t1 * 0_0 , 47_59,pq * _-_O _ |lq, 2

13 NB |MU TOI': * 4305909 * 000 * 4305<)08 = OeO * 0ol

14 TC)! t 43_5008 * OeO * "_013'_e2 * 129_<)05 * t_eO

1_ FC REACT" I_ MI::'S Vr'_klT * 3e)13_e? _ f')e ".1 & 301120 <) • 00_ * -_-e'?

16 WB * 3_!120q * 000 * 3C112o7 * 00(1 * 003

17 SLEW MCC • 3911207 * 000 * .'_'_1_'_o_ * '_e. _ * 30<)

1o _CC * 30108.7 * 00¢) * 3006004 * 000 * 480&

20 WS * 3006004 * OoO * 3r_O6O.t II= OeO * 0o3

22 N_ _MU MO! * 30_52.3 * 0.0 * R_C5907 * _e_ * 0ol

23 MO! * _5202 * n.o * 17R5202 * 125P000 * 00_

24 FC PEACT ¢ _OS Vc_"_NT * 175S202 * 0.0 * 175_500 * 090 * O.O

2S w_ * 175350_ * 000 * 175_4.8 • _0_ * 001

26 SL_W _CC _ 175340R * 000 * 175R205 * _eO * 2.3

27 N8 _CC * 17_3205 * _0_ * 175_70_ * _.n * 0,3

28 _CC * 1753205 * 0_0 * 17&<)q.3 * 9._ * 4P02

2R WR * 17_9003 * 000 * 174<)0o2 * _eO * 001

3_ S_FW DEPLOY * 174_92 * 00_ * |748709 * _ * 20_

3_ N_ DEPLOY * t748709 * Oe_ • |748700 * Re_ * _01

32 DROP PL [ * 174_7e9 * -4<)1¢ol • 1_5730_ * OeO * 000

33 THRUST FR c't. * 12573.R * C.O t 1255500 * _00 * 1608

34 W_ * 12556.q t 000 • |25%509 * _00 * 0.0

3S SLEW THU TOt * 125_6oq * 009 8 |255603 * 0.0 * 007

36 NB _MU TOT * 125560_ * 000 • 1255500 * _00 * Oe2

37 T_I * 12S5600 * OoO * 7339.5 * 521605 * 000

38 FC _EACT ¢ _PS VENT * 733905 * 000 * 732_03 * qeO * OeO

3_ W_ * 73220 _ * OoO * 73_o5 * _eO * 1o7

• _ SLEW _CC * 73200_ * 000 * 7_2_03 * Re? * 00_

41 NB uCC * 73_003 • O._ * 732_.2 * _00 * 0oi

40 _CC * 732002 8 0o_ * 73_2.6 * _oO * 17o6

43 W_ * 730206 * Oo_ * 73C_o9 * Te n * lo7

&4 SLEW TMU _0! * 730009 * 000 * 7300.5 * 000 * @.4

&5 NR DOT * 7_P_._ * _oO * 73_.3 * _00 _ _0_

• 7 rC _EACT C MDS _NT * _11702 * 00C $ 50<)qoq * _03 * 0o_

4R W_ * 5_Qq09 * 900 * S0<)Ro8 * _o_ * lol

4q SLFW MCC * S_qRoR * 0.0 * _09q07 * _00 * _ol

52 WR * '$_o"_..04 * he') * S"_qqel * _e- _ * 10_

53 SL_W I'4U CTI_C * S_R_01 * ._0 _ * '_0R809 * t_eO * Oo'q

54 N9 C[PC * 5(1RR09 * OoO * .'Sf_*._JRe5 * _0") * 'Pc3



TOTAL5

('•

E-I

_ --. 1,--_;TG OEl_l.. I. nL TN G_:'O5

*$$$**** *****$$*

I RT THRUST * r._ + _.D

6 POT * 4_36.0 * 0.0
10 MCC * _._ * 13.0

14 TOT * 3_R3,_ * Oo_

_____19__C_ .......................... * ........ _j___* ........ l_?_L_n .......

28 MCC * 0.0 * l_,O

3_ THRUST F_ PL * _00 * |Oe_
_7 TOT * 5m33qe(1 * 0*_

42 MCC * 0._ * 18._

46__ POI ................... * ...... 7____¢_4i O__*_ ..... _.__ __p_ ('I....

51 MCC * e._ * 12.0

'=39 ADO__................................ • 9t9 * |_tO

6_ CONTINGENCY 1.7( * 4730.'5 * 0.0
• ******* ********

_____..O.+T_AJ., 5 ............

;AM- _.3- _"



TUG WEIGHT HISTORY

CONF|Ge CONCEPT 5 419A0- 2

_--STG DEPL _ PL IN _EO5

WT BEF OLT PAY WT A_T PRO--MAIN PPO-APS

,******* ***i**** ******** ******** ********

1 ST THI_UST * 63!2leo * OeO * 63!2leo * OeO * O,t)

2 NB PF_LE&SE ST * 63721,9 * 0,0 * 637_.1,1 * OeO * 0,0

4 SLEW IMU PO! * 63720,9 * OeO * 6379_,4 _! Oe_ * 15e5

5 Nel IMU DO| * 53704e4 * Oe_ * 617._4e_1 * t) et_ * Gel

Pq| * 6_7141_ * OtO * 431'52,1 * 2.n552.3 * _-.0

7 WB , 43152e. _. * OeO * 43151eg * OeO * Oel

8 SLEW MCC * 43151e9 * OeO * 4'.3145,_J * _eO * 5e6

q N8 MCC . 43145,3 * _,¢_ * 43145,3 * _)-_ * _-et)

1¢_ MCC * 4314_',,3 * 0,,0 * 43")71e2 * OeO * T5.1

11 WB * 43171.2 * 0.0 * 43_71el * 'J,,O * O.l

_2 SLEW |MU TO| * &_O71tl * `1,0 * 4_J'_ge9 * _eO * 11,2

13 N8 |MU TO; * t]O.SQe c) * OeO * &3?_Qe_ * _eO * Oel

14 TO! * 43`159,_ * Oe(1 * 30130e2 * _292C)e6 * 0.'1

|S FC P_&CT 8 M¢)S VC.NT * 3_1_f_,._ * fl,,_ * .RO_Ol,g * t_e_ * Oel

16 qB * '3t1091eg * f_e.q * 3909107 * ._,0 * 0,3

17 SLEW MCC * 3_9910T * OoO * 3,SOR7eR * 5eO * 309

"10 MCC * 30087e7 * *leo * 3"JO39e4 * ".leo * 4E_e]

2¢ W8 * 30039e_ * Oe-5 * ]O03gel * OeO * 0,3

:2-1 ._LEW IMU Mr1! * 39039,1 * 0=0 * .3_')_1,.3 * _-,0 * , 7.8

22 NO IMU uO! * 39331e3 * (let) * 3_031,2 * -_,0 * 0,1

23 _0! * 3._q31,2 * 0,0 * 17540,_) * 12891,._1 * _,(1

24 FC PEACT 8 MPS VENT * 1754n,0 * f_e_ * 175P!e7 * neO * -Oe _)

25 WR * 17501e7 * OeO * 17501,,,5 * OeO * ¢1,1

26 SLEW MCC * 1"/"501.6 * OeO * 17490,3 * OeO * 2,3

_? NR _uCC . |7aqge3 * (le1 * 17&90e.'_ * rJeO * _efl

28 .M-.CC * 17_99,3 * _,_ _ 17aST,l * OeQ * a2,I

29 W8 * 1T_57,1 * C,O • "..7"-57,1 * O, _. * 0,1

30 SLEW DEPLOY * 174.57,1 * 0,0 * 1745_e8 * '1-5 * 2,3

-_1 NB Of PLOY * 17_%4eR * t_er_ * 1"_14e7 * OeO * Oe|

32 OPOP PL ! * 17t51.7 * -2110,R * 15:_3,9 * OeO * 0,0

33 THRUST _V PL * 153A_;_ * _,P. * 153_.3,_ * ._,O * 20,5

34 W8 * 15323,4 * .'_,._ * 15321,g * OeO * 1e5

.'45 SLEW !_U PO! * 15321,9 * 000 * 15_2100 * _,_ * _*q

36 NS3 IMU _0I * 15__1.1 * 0._ * 15_21.-_ * '!.0 * CoO

37 r_O! * 15321.") * 0.0 * 15373.5 * 24T.3 * Oefl

..38 WB * 15073e5 * O,O * 15.375,_ * _eO * 3,5

_@ SLF:W AI')J * 15_7_°1 * _.°0 * 15_.50°T * _eO * 0.4.

_k? N8 ADJ * 15059,7 * 0.0 * 1_'69,6 * _.e_. * Oe_

4,1 &POG_rE AOJ * tS_)6geh * 0.0 * 15057,6 * r;,,O * 2.0

4.2 Wq. * 15_57._ * _.0 * 15._6a..1 * _._ * 3.5

_.'q SLEW AOJ * 15'164.1 * 0,0 * 1506.5,7 * 0,0 * 0,4

44 N8 AOJ * 15363*? * 0*0 * 15063o7 * 3o0 * 0,0

45 PHA_ aOJ * 1S063°? * O.h * 15._3,? * 5.? * OoO

4.7 _LEW _CC * 150S._.4 * 0,0 * 1S,_5_.9 * 9._ * C.4

4.8 NR _CC * ISnSR.O * Oo_ * 15nSqoO * , 9,5 * 9o0

49 _CC * ISO58,9 * _.0 * 15058._ * 3.0 * O°fl

SO WR * 15_$8,_ * _,9 * 15_5503 * _,O * let

52 NR IMU uOl * 15955,S * O,r * IS_SS,4 * _o_ * OoO

S_ uq| * ISOSS,4 * OeO * I_91_,3 * _301 * _0_

Sa W8 .......... * la812,3 * 0.0 * !_912.3 * _0 * _,0



PA,:;E (;.3- b,F,



TUG OELrA-V _UOGET

v

__._J-STG DEPL______ P___LIN GEOS

1 ST THRUST

OV MAIN OV AP_
$$$$$$$$ *$_$$$$

4236.9 • 0._

1_ TO!

19 MCC

23 MO!

28 MCC

3? THPUST _P PL

9,9 $ 13.0

3883,0 t 0.0

O.n $ 12*0

58_8.0 _ 0 .e

O.e _ 18oC

9.0 _ I0.0
37 POt

41 APOGEE AOJ

53 _01

_7 COPPECT

6_ THRUST FP _L

6G TO!

0,0 $

$ Oe@

5839,0

0,0

1.0

......._0_.9___.................................................

In.e

0,0
71 MCC

75 PO l

80 t4CC

$ O.O * 18,0

$ 3866.0 • 0.9

$ (1.f) $ 12,0
_a CIRC

_8 AOJ

92 CONTINGENCY

TOTALS

1,7(

$ 41 82o0 • O.O

# 0.0 $ 12._

$ 479.5 $ 0.( _

41m,

'ilmm

PAJE _;.3- _.7



TUG WEIGHT H|STOIY

_.___L-_53._ +.D.F_P_I.+__I.__L-_AKS___LI___.G_.Q.5.....

1 ST THPUST

? N_ _EL.FASE ST

SL W-IMU"or
5 N_ TMU 0_!

.... _.. POT .

WT BEF DLT PAY WT AFT PRO-MAIN DRO--APS

• 6_721o0 • 0o0 _t _37_'1oe • 0e¢_ • 0o0
• $,3721,0 • *).on • 637_'1°<) * r)°,') • _._

....... _* .....6__0__9.__$ ....... _j_o., .... 6_.3.7.2q..9 • ..... ..,.=o , .... ___._ .
• 63720,9 $ 0oi! • 63704°4 * _eO • 16,_

• G3704oA • _*0 $ 6_J704,3 • _°+n • 9,1

.............• 6__]____4_..,__• ....... 0_,___.*. __4_3__Jq,O '__. _9.3_5,,_I • ...... _,.___



W

V

TUG DEL. TA-V BUDGET

c ON_F_I_G.,__CQ.__CF,_,p_______ • 1_A D- 2

.. , ! -.5_!_G_D_EPJ.._L._PL_- A___5.___L_J___o_L ......................................................................

I ST THRUST

6 POT

1 1 MCC
15 TOT

_____2_q___M_Cg,__ _

O_O MA_T_H...... DA__L__P__S_.................................................

4.1940_ • 0_00 ........

• 00_ • 1300

• 384.000 i 00_

. oj_n___,_........ ___.
?R THRUST

_ MCC

38 POT

&3 MCC

_7 CZ_C

_1 ADJ

_5 CONTINGENCY

TOTALR

107(

* 000 * l_'oO

621ot_ e _ol_

371800 • 0o0
000 11' 11,0

e _oO * 1200

$ 2R_o7 _k t),,P

,I,_,,_. _,_,i, _, .... _,i,_____,i,_____ _ .........................................................
167_q , 7 _0 00

V

v

V

v

'era

qm_

_w

q_

V



PAGE 6.3- 5_

TUG WEIGHT HISTOC)Y

CnNF|Ge CONCEPT 0 410A0-2

|--STG OEPL ? PL-AK_ TN GEO_

WT REF

$***••••

OLT PAY WT AFT P_O--MATN PRO--APS

*•**•*** •*•••*•• ••*••••* •*••••**

1 ST THRUST • 63721,(1 •

2 NB PEL_-ASE ST • 63721o9 *

3 W8 • 6372'_ ,q *

0,0 * 63721,_1 *

OeO • 63720o9 •

noO * 6 _'_'r2'_, 9

& SLEW |MU PO! • 63?20,9 *

S N8 |MU PO! • 6370_.,4 *

6 PO! * _37P4,3 *

? FC REACT & MPS VENT * 43319.0 •

8 WB • 43297,0 •

9 SLF_W MCC • 43296,,0 *

0,0 • 637n4,4 •

0,0 * 637_4e3 •

n,n • a33_goq •

O,C * 43297,q •

0.0 * A3296e9 •

_,0 * _32ql,3 *

_J..0 * Oe(1

0of) • 0,'3

._,(1 • 0.(1

0,? * 16o5

•3,0 • 0o1

9,0 • 0o(_

OeO • Oo!

Oe9 • S,._

10 N8 MCC * 43291.3 *

111 MCC • 43291.3 *

121 SLFW |MU TOI * 43221o6 *

$a NB t_4U TO! • 43210,4 *

|S TOt • A3_1_,3 *

|6 FC DEALT & MPS V¢.NT * 30355,3 *

1? WR • 3'1333,3 *

18 SLEW MCC • 3_333,0 •

19 NB MCC • 3')329,1 •

2_. MCC * 30329,1 •

22 SLF.W DEPLrlY • 3025¢).1 *

_3 N_ DEOLOY • 3_9276.2 *

m4 DPOP PL Z--_K_

25 THI_UST _ PL I

26 W_

2? SLEw IMU _0!

28 NB |MU _O|

29 POI

31 SLEW ;MU MOI

32 NR _MU NO|

]_ uo!

34 W_

35 SLEW _OJ

_ _6 NB ADJ

37 AOJ

38 W8

39 _L_W DEOLOY

4_ N_ nEPLOY

_. 4_ THRUST _; _L 2

43 W_

&4 SLEW TMtl TO|

_ 45 NB !MU TO_

• _ T0I

• ? _C P_ACT 8 MPS VENT

_ A_ WR

• 9 SL_W _CC

50 NB _CC

S1 MCC

_2 WB

53 SLEW IUU P01

• 3t_276.1 • --1_68_.6 *

• 19593.5 * OeO *

• 19567.3 * 0.q *

• _9.%66eII, * 0_0 *

• !95_¢;.0 * 0,_ *

• 1956_09 * 9o@ •

• 19311.1 * O.O *

• 193(16.6 * 0._ *

• 19305.6 • 0,0 •

. 19_.S.S , _.m $

• 19955,1 * n,O •

• |9_$4e5 _1, Oe_ •

• $9_5A.cJ * 0..0 *

• 1905ae0 * 0,0 *

• lg051.4 * O.G *

• 1995"_,9 '_ 0,0 •

• _-O_'lSn.'t • OoO •

• 19959.1 •-1060_.6 •

• _67.6 * 0.0 *

• 8356e3 • 0.0 *

• $35307' • _oq *

• _t'_5.";,3 * nt'_ *

• 8353.1 • 0,_ *

• 691_07 * 50 _) *

• 6Rg_e6 ,t n,tl *

• (_994. o4 • 0*0 •

• 559_.3 * (I,0 *

• 65R8,S * 0,0 •

• 6RROe7 * 0.0 •

• .6_ _q. L3_ *

Oon * 432ql.3 *

0,,!1 * _-3271.7 *

0,P * _32P. I.R *

0o0 * _321(1o4 *

e°0 • 43210e3 *

'1,0 * 0.0

_', 0,',) • 69.5

5,9 • 0o1

'I.0 • 11.2

9.5 * 0.1

12855.1 • '_.0

(1°n • 0.0

O,_) • 0o2

.9,0 * _,9

'3°0 * 0,0

_oO • 45e7

', ,,,

O°q • 39355,3 *

OeO • 30333,3 *

0,0 • 3.)333,0 *

OeO * 3')329,1 •

OoO • 3'1280.4 *

Oo_ * 3_'/276°_. * fie n * 3o9

_oO * 30276.1 * OeO • 0.$

19593.5 • 9.0 • 0.0

19567,3 * 0,0 • 2602

19566,1 * (1o0 * 1.2

_°5_St',_ * _,9 * 1,1

19564,9 * _,q • Oo!

19311.1 * 253..9= • OoO

193_6.(_ * _m/) * dl,.5

19305,6 * 5°_ * 1.0

!9305,5 * OeO * 0.1

IO055.1 • 250.4 • 9._1

10_54,5 * 0,0 • 0o5

1905a°0 * ?,._ * 0.5

10054,,,0 • 0.5 * 0._

19951,4 • 0.0 • 2.6

1955_,9 * _.*0 * O*S

to_5_,3 , (_t_ * 0.5

836706 * OoO * Oor)

8_._5.6j3 • 5*0 • II.2

_3S3o7 * 0* _. • 2*6

83S3.3 • Ooq * 0.5

_.353,1 * n.O • O,;_

6_16o? * 1436._ * O.q

6594.? * G.O * 0.'_

6q94.6 • 9._' • 0.!

(SRQ4.4. • _*-_ • 0*2

(5_940_5 * OoQ • 0*I

6q..e__.e * '_.'_ * 5._5_._

6_o3 * fl,O * C,4

n_.0__* ..... 58 S_. 1_ 9 ..... ___,_9_ _* ....... _0 • 2



5F. PO! * 6RSR,I *

._6 ¢C DEACT f. MOS VENT * 50_5,? *

____7_.... W_B .............................. .* ...... 'L_O3.7 •
SB SLEW MCC * _-r.._OZeS *

$9 NB MCC e S002,4 *

......_.__ MCC ......................... _ __ soa_._ .
61 W_ * 4994.q *

6? SLFW |MU C[_C * _99_,? *

0.0 * 5025*7 * lq_2,_ * 0.0

0.0 * .R903,7 * 0,0 * 0.0

0,0 * 5002,4. * 0.0 * 0,1

0,0 * 5002,3 * 0,0 * 0.1

. ._0_..__, _98. q. ,l,........ 0..._ _* ......... 7._.& ....

0.0 * 4993,7 * 0,0 * ].2

0.0 * 4993..'S * Oon * 003

6_. CI_C * 4.993,,.2 *

65 W_ * 34|3,5 *

_.____6___.$_t.F.W__.AO J ............... _*.....3410,7 *

67 NB ADJ * 3410,6 *

.KR A_J * 34|0,_ *

• _ , 4.991,2_.__*..........__. _*.............__j_._.........
0.0 * ._413,5 * 1579,6 * _.0

0,0 * 34_0,7 * 9,0 * 2,8

O,O * 3404.Q * O*G * _._

.......6<_ w_ .
Tr C;LEW __1_15 CAPTUPE ST * 3_.02,1 * " 0,0 * 34.02,0 * _,0 *
71 NB CAPTUPF * 3402,0 * 0,0 * _99,_ * O.0 *

********

1".tITA L S "qB?| T.O

_*....____*___..*__........__?__*......._0_?.1. * .....0_._., .. ?.,8
0.1

2,2

._(hq _ _
********

L J

O LT;L  o 6 ..............................................

...... C._NFIG, CONCE_T 0 41.|0A_.0--_2 ............

----I-------_--T-G--_E-PL-17- PL-_K_5 T_N.__G_[05..............................................................................

........... D_ .MAI[N O_/. _PS
******** ********

11 MCC * 0.0 * 1_,0

.........Z_P _:C ..... • n,_ • _ ..I._,___

_7 _DJ $ 0.0 *

• _ THPUST _ PL _ $ P.O $

46 TOT * . 205.2_ .*

51 MCC * 0,0 *

5_ POT * 34_.0 *

6_ MCC ...................., .........0.^ ,
64 CT_C * 41_6.0 *

6_ 60J * ?.0 *

********

TOTALS 1_2_.9

0o_

....... 0@_0_ ............

0.0

12.0

********

74 .r)

PAG[ (;.3- _I



PAGE G.3- 52

TUG WEIGHT HISTORY

CONFIG, CONCEPT 0 AI(1AD-- 2

I'STG R¢-T_ I Pt. IN GFOS

WT 6EF DLT PAY WT A_T

******** ******** ********

1 ST THRUST * 63721.t} * 0._ * 63721.0 *

2 NB PELEASE ST * 63721.0 * 0.0 * 63721.q *

WB * _37210_ * 000 * 6R72P.9 *

A SLEW IMU POI * 6372_09 * 0,0 * 63?0404 *

5 NR IMU POI * G_70404 * 000 * 63704.3 *

6 POI * 637_4_3 * Oq_ * 431_2.0 *

? FC R_¢ACT ¢ MPS VENT * 431S2._ * O.n *

8 VB * 43131.5 * 000 *

¢_ SLEW UCC * 4.31_104. * _*_ *

PRO--MAIN

********

0.0 *

0-? *

10

11

12

13

14

15

16

lm
19

2O

21

22

43131.5 *

4313104 *

41125.8 *

4.3125.8 *

4 ._n 56.5 *

4"30 '$6.4 *

4304S, 2 *

43_45.1 *

N9 UCC * 4.312'_.R * Oef_ *

MCC * 43_.25.8 * 000 *

WB * 4]056.5 * 0.0 *

SLEW IMU TOt * 4.30R6,4 * 000 *

NB TMU TOI * 43045.2 * 0./I *

0,0 *

0,0 *

20552.3 *

009 *

O.O *

09 _ *

0*_ *

0.0 *
0.0 *

OeO *

0,0 *

1292_.? *

0,0 *

t)*O *

0.0 *

0.0 *

0.0 *

TOI * 4_q4_11 * 0.9C *

FC REACT 8 UPS VENT * 3911q.q * 0.0 *

W8 * 3_'0<)0.4 * _,.0 *

SL¢_W UCC , 30._.¢)9.2 * 0.0 *

NB MCC * 3D095.2 * 0.0 *

MCC * 30095*2 * (10_ *

WB * 3_.9.R_.9 * ,'_.0 *

SLE'W IMU Mt'IT * 3_t}St}.7 * 00_ *

3_. 11q.9 *

30_9904 *

3_099.2 *

3._09S.2 *

30005.2 *

.30050.9 *

:3_4P. q *

PRO--APS

******** ..

0,0

0,0

Dot}

16.5

0.1

0.0

009

0.1

5.6 ......

0.0

6903

0.1

11,2

001

O,O

003

3,9

0,0

4403

7.8

23 NB TMU UOl * 30_4__.q * 0.0 *

24 MOI $ 3_42.7 * (I._ *

25 W8 * 17546.7 * 0.0 *

26 SLEW TRACK * 17546.6 * 0.0 *

_7 N8 TPACK * 175.35,? * 0.0 *

28 TPl , 17533=6. * 0.0 *

29 SLEW TRACK * 1748S.,I * 0,0 *

3.0 N_ I"_ACK * 174"?.3.8 * 0,(_ *

31 MCC * 17472.6 * 0.0 *

.3? SLEW T, ACK * 1747204 * 0,_ *

3? N._ T_ACK * 17A61 ._ * n._ .

.34 TPF * 17456, q * 0.'_ *

]S SLF. W DOCK * 17.'!77.2 * . 00_ *

3¢'. Nm DOCK * 173S4.7 * 0.0 *

3? DOCK DL ! * 17_*0 * 000 *

88 ADD PL 1 * 17334.4 * 1574.0 *

_q WR * 18q0_._. * r,.O ,

47 SLEW IMU TO! , IRc)P.6._ , 0.0 *

41 NB I_U TOI * 18qr_l.5 * 0,0 *

42 TO! * 1q901,4 * O, '_ *

43 FC Pw_ACT G UPS VENT * 11048.6 * 0.0 *

44 W__ * 1102_.1 * 0.0 *

45 St, FW MCC , 1_2T.4 , 0,0 *

46 NR MCC * 11025.q * 0.0 *

4,7 vaCC * 11q2S.q * _9.t_ ,

48 W_ * 1_990.3 * 0.0 *

49 SLF.W IMU Pr'J1 * 1_°qR*_ * Oor *

S. _. N_ IMU _0I * 109OR,? * 0,0 *

51 DO! * 10075._ * '_.0 *

_2 _C _EACT _. UPS V_-N 'r * 77_7.3 * 0.¢ *

53 W8 * 768(_08 * 00- _ *

3C042.7 *

17_46.7 *

17546.6 *

1753502 *

1753_.4 *

17485.1 *

1747308 *

17472.6 *

17472.4 *

1746100 *

17.377,2 *

173_4.7 *

17353.0 *

173_4.4 *

lqq_8,4 *

lq_n1.5 *

18901,4

1102801 *

0.0 *

0.0 *

OoO *

48.3 *

000. 4.

0.0 *

0.0 *

0.0 *

0.0 *

OeO *

0,0 *

0,0 *

0,0 *

0.0 *

Oo._ *

0.0 *

?_S2.R *

O.O *

0.1
0.0

0.1

11.4

1.8

0._

11.3

1.2

0.2

11.3

2.1

81.7

22.5

18,6

Cot)

290

4,q

001

O,O .

0o9

110P7.4 *

11n75,9 *

11025.9 *

10g_9.3 *

1_qq8.5 *

1_q95.7 *

lOgOS.S *

7757,.3 *

T686.8 *

76q6.3 *

Oof) *

Ot._ *

Oo_ *

O.O *

0.0 *

0.0 *

_o?) *

328m.2 *

0,0 *

OoO *

.o_j_O *

OtR

0._

26.6

_.1

_._

0.0

0.5

1,0_.



_ NR Mf'C * 76_1503 * Oot9 * 76R5o2 * Oe¢_ * 0ol

56 vCC * "r6_o2 • 0o0 * "r6",2o9 • 0o,3. , 12o__

..... 5-? ..... -_- ............................ -*_ __Y_O_?2___*__ ........ O_JLO___*_..... T_._Z2j__._*_ .... _Lq * ............ Q_5__.
_8 SlEW TMU CIRC • 7672°4 * 010 * 7670e4 * 000 * 2°0

_q NB IMU CIRC * 767'004 * 000 * 7'670°2 * _100 * 0°|

.____C ........C..I_C .......................... _*_.... _Z_ .... _-_____.._5_.* __ 244B=7. * .... 0,.0 .......
fSl W8 * S?_I.S * ¢so"_ * _21o3 * ¢_o0 * _o?-

r_ .g;Lg'W ADJ * 52_103 * 000 * s52P¢_°_ * O° '_ * ._,7

.....63 __[9_.__.d ............ * _z?.2,_ 0.0 * ._220jL.5.*______......_,._. _*_............._01 .....

64 ADJ * $2200__ * 00_ * _212.1 * 00_ * 8.4

6=3 VR * 5212,1 * 0,0 * $211,n * ¢_0_ * I,1

__._.6.6_....._,_v__E0__; _AP.T.U"E. ST.._.*_.......____Llcq..__*_...... 0,0 * ....._.'5210L_,_.*__.........0,_ __*_. _ ._L?. _

•'57 NB CADTUg_F * 521¢_04 * Oo.e' * 520qo3 * tno_ , lo0

................. :.............................................................. _*_******* ********

TOTALS ._983307 392,0

r-_ TUG OELTA-V RUDGI_T
L-.J

.... CONF_IGo CONCEPT 0 4.|OA0-- 2 .................................

,|--STG I_ETR J___I:)L.!N___

...................... D_.V_.M_AJ_N.........D__.__P_$ ...........

******** ********

I ._T THPUST * _.°_ , _ o(,t

6 r)_v.......................... , _. 36 ._1 • otnn ..................

11 _CC * 0,_ * 1200

15 TrlY * 388_0_ * 0.0

..... _ ....M c(?..................... , ...... _o._,_.0__,_...... 11.0. .............

?,_ TVT * 3_i°n * rS.O

31 I_CC * 000 * 0ol

.'_4 TpI_ * t_0ei * 3!500

717 DOCK PL I * _0'_ * 800

4:_ TO! * 'S8_909 *
4"7 MCC * 0°0 * I R.O

_I POT * 3q60e0 * 009

56 MCC ............................__*.e. n,n , 12,_
6_ CYI_C * 41 8_. 00 * 0,0

6_ ADJ * ': _00_ * 1200

.._ 6_ ....(_gN/._NG_N_.C.V I ,_?_(..... * _ _74___')_.* 0.0

• ******* ********

TOTALS 283_600 10Ro I

._A]]_. (;.3- 53



PAGE G.3- 54

I

TUG WEIGHT HISTORY

CONFIG. CONCEPT 0 4|0AO"- 2

|--STG RETR 1PL--0KS IN GE05

WT BEF

*t'tilt*

DL T PAY WT AFT P_O--MAIN PRO-APS

i,tAt*At $ii*$t*$ **$i**It $i*$**t$

|- ST THRUST * 63721.0 *

2 NB RELEASE ST * 6372|.0 *

3 WR , 6_72099 t

& SLEW TMU P0! * 63729.9 *

S NB !MU DO! * 63704,4 t

6 D0I * 63774,3 *
T FC REACT _ MPS VENT $ 43]19,_ t

8 WB * 43301.0 *

9 SLEW MCC , A_3_gq t

10 NB MCC * 4320F.3 *

11 MCC * A_295.2 ,
12 W_ * 43225.7 t
13 SLEW IMU TO[ * 4322506 *

14 NB IMU TO[ *

IS ToT *

t3214.4 *

43214_3 =

33358.I =

3034_01 *

30349.0 *

30336.0 t

3033603 *

3_87"3l *

22 -SLEW IMU H0! * 332_?._ t

2] N9 IMU H0[ * 3_270.3 *

?4 Hrll $ 3_2?0._ t

25 WB * 3_2380R *

26 SLEW TRACK * 3023_.7 t

2_ NR TRACK * _710.1 *

28 TPT * 3_214,6 *

20 SLEW TRACK * 3_i3i._ *

39 NB TRACK * 301t1-_ *

31 MCC * 30110.3 *

32 SLEW TRACK * 391_9.9 .

3_ NR TRACK * 30_0"-4 *

_4 TPF * 3qOBRoq *

35 W_ , 2_0Am,1 t

_ _LEW DOCK * _0947._

37 NB DOCK * 299_9.0 t

38 DOCK PL 9--DKS * 200_8.8 *

_9 AnO _L 1-OKS * _0_76_R t

40 W_ * 46P0_,2 *

41 WB * 462_.1 t

42 SLEW TMU TOT * 46199.O *

4_ NB IMU TOT * A_t_7.9 $

44 TO[ * 46t87.9 *

4_ F_ PEACT & MmS VEN_ * 4174_.6 t

46 Wq * ii727.6 .

47 SLEW MCC t 41722.6 *

48 NB MCC * 41717.2 t

• 49 uCC * 41717.2 *

50 WB * 41700,4 t

51 SLEW I_U _OI t _?_C.& *

_ NB IMU P_! * 4[6e_.6 t

53 PO! t A1689.5 *

16 FC _EACT 8 MoS _FNT *

tT WB *

18 SLEW MCC *

19 NR MCC *

20 MCC *

21 w_ *

0,0 t

0.3 *

0.9 *

O.O t

0,9 *
0.0 *

0.0 t

._.0 *

_'I 0._I *

0.0 *

0.0 *

0.0 *

63721,0 * O,n * 0,0

_3T?.3,9 * 0,0 * OoO

G372_).9 * _.0 * OoO

63704.4 * 0.9 * 16.5

63704.3 * 0.9 * 0.1

4_."41900 * 20385.3 * C.O

43301.0 * 0.0 * 000

43300.? t 0.0 * 0*1

43205.3 t _1. 9 * 5.6

4379*5._ t 0.0 * _..0

43225.7 * ._,C * 60.5

4322S.6 * 0,0 * 0.1

43214.4 * .'1,0 * 11.2

_,_.____._r_C._ES_.CI._&_..'_PJ__VE N_Z_ _*__29_? B 1L._t t

.he e) *

flD_J *

0.0 *

e.9 t

0.') t
0.0 *

#)._) *

_,0 t

O,O t

0.0 *

0.0 *

_J.O t

0.0 t

0.0 *

000 t

0.0 *

0.0 *

_oO *

_,_ *

_.n t

0.(_ *

43214.3 t 0.0 * 0,.I

3035_J,1 t 1_56_2 * _.0

30340.1 * 0.0 * 0.0

3'7349.0 * Q.O * 0.1

3e)336.0 t 0.(_ * 3.0

30336,0 * 0.0 * 0.0

302_7.3 * 0*0 * 48.7

3_28T._ * O,O * 0.1

302"/'0.3 * 0.0 * 7.9

_02"_9.3 t O*O * 0.0

30238.R * r).O * 40..q

_7238.T t 0*0 * 0*1

30219.1 * 0,9 * 19.6

3_714,6 * qtO * 4.5

3_.131.4 t 83o? * 0o0

_n!!!.8 * O,O * 19.5
30113.3 * 0.0 * 1.5

301_9,9 * 9.0 * 0,4

30'390.4 t 0*0 * 19.5

29948.1 * 9*9 * 140*q

20047.9 * _._ * 0.3

;-_90_9.0 * .?.._ * 3R.9

29008.8 t 0._ * 0,2

29876.8 * OoO * 32.0

A_20(_01 * OeQ * 001

• _100.9 * _.O * 0.2

46_8T,9 * ._,9 * 12. _.

46187.9 * 0.0 * OeO

di.'/74,_.6 t 4447,3 * O.O

41"_?_.,6 t '_,9 * 9,, _
41722.6 * 0,0 * _.0

A!.Tl"r.2 * 0._ * 5.4

&iTtT.2 * 0.0 * r.,?

A17r,_.4 * n.O * 16.8

4170_.4 * ._.9 * e._l

a l_6Bqj.6 * _..0 * I0,L

20781,1 * 11908.3 * 0.0

0.0 *

_.rJ *

000 *

1672_,_4 t

OoO t

0.0 t

O_n t

O.n *

0.0 t

000 *

0.0 *

0..'1 *

O.._ t

('1.0 *

r_.o .

0.0 *

._gj ___._$__ZQ?_63 • L_$ .... _9.,9_* ...... O-O ....



=;.'5. w_ * 29763, I *

__A _L_W MCC * 29763.0 *

....__7____,___u__C.................*__ 297s_9.1 *
'5_ MCC * 29759.1 *

59 VB * 29711 • 3

__ 6_ ....S_L_Y_. i MU.__C_L._C_........... _..__ *

61 NR |MU CIPC * 297_'_0S *

6P CT_C * 207_'_, 4 *

_____.?_....W.R_........................ __.____2__3.06,3 *

64 SLFW ADJ * 2_30_e7 *
6-_ NR ADJ * 20303,1 *

@00 * 29?6300 * _09 * _01

(lo(1 * 2975901 * non , 30C)

o__t_O_..*_____297_5_9JL__*........___.t_._*............O__t_....
OeO * 2971103 * ¢_o_ * &To_

000 * 2971102 * 0o0 * 001

.0_-0 *___.__ J._5_ ._................_,0_. ..........F_.,__.....

00(1 * 2970304 * 0._ * 001

000 * 2_.3_6o3 * 939700 * 0,0

....0,o • 2n305.v._ _*.........__L_o.*_ ......._9._........
O.O * 20303.1 * 0.(1 * 206

O*O * 2(_3_30tt * _.0 * 000

........_66_.....A 0 J__......................... _*__._2.__3__f}__t ......... 0 _ t___._0__02_.7__..4 ___ ..... __,__ *_ ....___+.6 ....

68 C_LEW __O._C;CAPTURF ST * 2026@0B * 000 * 2¢):)6702 * _00 * 206

60 NB CAoTUC_'ff" * 2_26707 * ^.0 * _266.q * n.f) * 0___._

70_ CONTTNG_NCY 1.7( * 2026609 * 0.0 * 1973607 * _30.2 * 00¢'

• ******* ********

L..a

TUG OELTA-V RUOGI_T

....:. __COH._I C_. . CONCEPT. o .41__k0._-_2 ...........................................................

.... .L-_..__Z_______'I"___..I,_PL,._DK ___| N_. _0__ ........................................................................

............................................D._V__AI__......._Dv _P_S......................................................
******** ********

........._.._pn!..................... * _ __1_,___ _*_ ......._q.o..........
11 .¢C * 000 * 12o0

15 TOI * 384000 * 0.0

_2_e _______C.__........... , 0.0 . ......____I.F.J_O__............................................
24 H_I' * _. 00 * 110o*)

28 T_! * 30,_ * O. '_.

._1 Mfi._CC......................... * ot_ * 0,1

34 TOl _ * 00_ * 3500

3R DOCK PL I--DK_ * 0.(1 * 8.0

•_t To t ............. .___*____J_1._q_lJ_* ._")_I_o_...........................................
4.@ MCC * 0o,"I * 30_

5_ Pr11' * 36509. q * n.(1

ss -co ........................3'............'_____j,___%.........I_2.__q............................................
62 CTPC * 41 36.0 * O.O

66 AOJ * 000 * 1200

70 _..L.N_G_____V__A__._7_[ * ____sO___L___* O .0
• ******* ********

TOTALS 1 ?2AT, ."q Ie'401

_,",(:_:L:;.3- 5._

\



PAGE 6.3- 5G

_OG _EIGH_ HIS_OPT

CCgFIGo CCNCEET : 410A_-2

1-STG EEPL 1 PL INtO GEGS, RETE I El

litBEE
**_*aO***

1 ST TERUS_ * 637_1.0 *
2 liB PEIEA_E 5_ * 637_1.0
3 WE * 63721.0 *
q SLEW leg POI _ 63720.S ,_
5 liB I?£ ECI _ 637Cq._ *
6 ECI * 6370q. 3 *
7 ]_c B_iCT _, NPs V_NT * 431_=2;_ •
E WB • q3115.0 e
¢J EIEi ECC * q311q.9 *

10 liE MCC , u,31C c_ "C-,
11 ECC * q31¢S.3 ,0
12 UE * q303,.3 *
13 SL_W 3M0 TOI * q303_-_.2 *
lti liB IEe _CI * 43023.0 *
15 TOI m 430._2.9 =
16 PC EEACT & EiE5 VEIIT * 3Cl(;q.q *
1"/ WB • 30057. u, ,
15 ELZli _CC * 30067.1 *
19 liE MCC * 300_3 _z-*
2C BCC * 300 63,2 *
21 lib * 300 14.9 *
22 SLEW IMU BOI * 3001q.6 *
23 liB IeC BCI * 30006.8 *
2ti BOI * 30006.7 _"
25 wE * 1"/5_5_-.6 ,
26 SIE_ ltDJ * 17523.5 *
27 NE Jl:J * 17515.7 *

2E A_-J AE5 EBB I_CD * 17516.b
25 WB * 17_7qj. _
30 SLEW I:EELO¥ FL 1 * 17_72.2 *
31 liB I)EE-L-C_PL 1 * 17_C-,O *
32 D_CE .¢I. 1 * 17_69.8 *
33 TEEUST _li PL 1 * 163c6.2 *
3q liB * 163 CE. 3 *
35 SL_K 3BU POI * 16358.8 *
35 N_ IPJU 901 * 16357.9 *
37 _ * 1_357.8 *
38 w_= * 16252.? *
3 ¢. _lEii ADJ * 1_239.5 *
i;g NB ADO * lb2_9.0 *

.. ti1 _EOGEE lrJ * 152_S.0 *
ti2 WB * 16278.9
ti 3 S]._3i-'-]ll: a * 16275_6- _......
titi lie _£J * 162"_5.2
ti5 EHASE ADJ * 162_5.2 t
_ib US _' 16275_0--_

tit SLEw _CC * 1627C.2 *
tie lib ECC • 16255.8 *
_. _/CC * 162 69 ,-7--•--

50 BE * 1525S.6 *
51 SlEii INU _CI * 16268.0 *
b_ NF-IP, O HO_Z = 162 E'7.-2- ,,
53 ROI • 1625 t.1 *
541 SIE_ _RACK

DI'I I:_._ WT AFT E_O-EAIN PBO-_'PS

0.0 * 63 J2 i.-0 * 0_0 * 00" 0 r - _
0,;0 * 63721.0 * 0o0 * 0o0
0.0 * 63720.9 * 0.0 * 0.0
0.0 * 6370_./4 * ' 0°0 * 16.-5--
0.0 • 6370_.3 * 0.0 * 0.1
0.0 • _3152.0 * ";0...52.3 * 0.0
0o-0 * u,3115.0 _ ....... 0_,0 * 0.0 .....
0.0 * q311u,.9 * 0.0 * 0.1
0,0 * q310<J.3 * G,O * 5.6
O.O--_---NNTO9.3 * O.O * o=.0---
0.0 * _303_.3 * 0.0 * 75.0
0.0 * _303_.2 * 0.0 * 0.1
0 ;0 ,- -_3023; 0-* 0.-0--* 1 _ 2......
0.0 * q3022.9 * 0.0 * 0.1
O.O * 3010t4,q * 12_18.6 * 0.0
O.O * 30067_._ * 0.0 * 0.0--
0.0 * 30067.1 * 0.0 * 0.3
0.0 * 30063.2 * 0.0 * 3.9
0.0 *--30063_2_ 0.0 * 0.0--
0.0 * 3001q.9 * 0.0 * q8.3
0.0 * 3001q.6 * 0.0 * 0.3
0.0--_0006; 8 * 0.0 ', 7;8_
0.0 * 30006.7 * 0.0 * 0ol
0.0 * 1?525.6 * 12q81.1 * 0°0
0--0-_--17523 ; 5 '_-- 0.-0--_--_2.1 ---
0.0 * 17516.7 * 0.0 * 6.8
0.0 * 17516.6 * O.0 * 0.1
0.0-_7¢$.¢_ * O.O * _2.2--
0.0 * i7_72.2 * 0.0 * 2.2
0.0 * 17_7C.0 * 0.0 * 2.3
0;0-*--17q69;8 * 0;0-* 0.2--

0.0 * 0.0
0.0 * 21.9

--0;0 * ..... 9,5-----
0.0 * C.9
0.0 * O. 1

--75.0 * 0.0--

0.0 * 3.3
0.0 * 0._

-1079.6 * 16390.2 *
0.0 * 16368.3 *
0;0--*--16358.8--*
0.0 * 16357.9 *
0.0 * 16357.8 *
0.0-*---16282.7 *
0.0 * 16279.5 *
0.0 * 16279.0 *
u.O * 162/9;0 * 0.0 _' O.o--
0.0 • 16278.9 * 0.0 * 0.1
0.0 * 16275.6 * 0.0 * 3.2
0.0 * 16275.2 * ----0.0--* O.q---
0.0 * 16275.2 * 0o0 * 0.0
0o0 * 16275.0 * 0.0 * 0.1
O.-1T *- --16_7C. 2 *--C;O -*_ti,8 .....
0.0 * 16269.8 * 0.0 * C._
0.0 * 16269.7 * 0.0 * 0.0
0;0 • 1626S,6 . .... 0.0 * ..... 0.1
0.0 * 16268.0 * 0.0 * 1.6
0.0 * 16267.2 * 0.0 * C.9
0¥0--*--16267.1 '_ 0;0-* O; 1---
0.0 * 16192._ * 7ti. 6 * 0.0

0.0 * 2.2• 16192._ * 0.0 * 16190.2 *



TCTALS

* 16190.2 ,

* 161ET.q •

* 161_2.8 ,
* 16 1_0.6 '*

* 16137.7 ,
* 16137.5 ,

* 16136.3 *
* 16132.1 ,

* 16056.6 *
* 160=_6._ •
* 1{:0E2,0 *
* 16051.7 *
* 1603_.5 *

* 17111.9

* 171C7._ ,
* 171C7.3

* 9999.9 *
* 59(2.9 ,o

* 9952.0 *
* sg_c.? *

* 9936.7 *
* 9935.8 *
* 993.3.2 *
* 9933.1 *

* 6962.6

* 692,,.6 *
* 6925,C ,_
* 692_. 1 *
* 69_.0 *

* 69 12.9
* 6912.3 *
* 691C.5
* 69 10, _ *
* tt704.2 *
* q7¢..0 *

* ,703. _ *
* 4703, 2 *

* _6.=E.7 ,
* a695= 2 *

* t_65_.5 •
* 46S3._ *

0.0 *

0.0 *
0.0 *
0.0 *
0.0 *
0.0 *
0.0 *
0.0 *
0.0 *
0.0 *
0.0 *

0.0"
1079.6 *

0.0 *
0.0 *

0.0 *
0.0 *

0.0 *
0.0 *
0,0 *

0.0 *

0,0 *
0.0*
0.0*
C.O *
0.0 *
0.0"
0.0 *

0.0"
0.0 *

0.0 *
0.0 *

0.0 *

0.0 *

0.0 *
0.0 *
0.0 *
0.0 *
0.0 *
C.O *

0.0 *

C.O *

0.0 *

16187.q * O.O * 2.9
161_2.8 • _.6 * 0.0
16140.6 * 0.0 * 2.2
16137.7 * ....... 0 • O * 2.9
16137.5 * 0.0 * 0.2
16135.3 * 0.0 * 2.2
1613_.1 * 0.0 * 3.2
16056.6 • 0.0 * 75.5
16056.q * 0.0 * 0.2
16052.0 * 0.0 * 4.it

16051.7 * 0.0 * O.q
1603q.5 * 0.0 * 17.2
1711q. 1 _ 0.0 * 0.0
L7111.9 * 0.0 * 2.2
17107.q * 0.0 * _._

17 107.3 * 0.0 * 0.2
9999.9 * 7107._ * 0.0

9962.9 * O.O * 0.0
9962.0 * 0.0 * 0.9
9960.7 * _.0 * 1,3
9960.7 * 0.0 * 0.1
9936.7 * 0.0 * 2_.0

9935.8 * 0.0 * 0.9
9933.2 * 0.0 * 2,6

9933.1 * 0.0 * 0,2
6962.6 * 2S7¢.5 * 0,0
6925.6 * 0.0 * C,O
6925.0 * 0.0 * 0.6
692_.1 * 0.0 * 0.9
692q.0 * C,O * 0.1
6912.9 * 0.0 * 11.1
6912.3 * 0.0 * 0.6
6910.5 * C.O '* 1.8
6910.q * 0.0 * 0.2

qTCq.2 * 220_.I * 0.0
_70_.0 , 0.0 * 0.3
t_703._ • 0.0 * 0.6

q703.2 * C.O * 0.1
q695,7 * 0.0 * 7.6

/$695.2 * 0.0 * 0.5

q69q.5 * C.O * 0.6
q693. q • 0.0 * 1.1
_q92.5 • 200.9 * 0.0

• ******* ********

58631.0 /4q9.3



IW

TUG DEITA-V EUDGHT

CCNFIG. CCNCEPT : 410AD-2

1-STG E_FI 1 PL INIO GECS, BETR 1 Pl

V

IOIAIS

DV B_IN EV JPS

* 0.0 * 0.0
* 42":.6.0 * 0.0
,I, 0.0 * 13.0
* 3883.0 • 0.0
* 0.0 * 12.0
* c.8,E.O * 0.0
* 0.0 * 18.0
* C.0 * 10.0
* 50.0 * 0.0
* C.G 'P 0.0
* 0.0 * 0.0

* C.O * 0.0
* 50.0 * 0.0
* 30.0 * 0.0
* 0.0 * 0.1
* 0.0 * 35.0

* 0.0 * 8.0
* 5839.0 _ 0.0
* C.O * 18.0
* 38Eq. G * 0.0
'_ 0.0 * 12.0
* 4182.0 * 0.0
* 0.0 '_ 12.0
* _75.7 * 0.0

28457.7 138.3

PAniC (;.3- 5[



PAGE 6.3- 59

TUG WEIGHT HISTORY

CONFIG. CONCEPT 0 4lOAD- 2 •

1--STG DEPL 1 PL--AKS GEDS. RETR 1 PL--DKS

iT 8EF DLT PAY iT AFT

| ST THRUST * 63721*0 * 0.0 * 63721.0
2 NB RELEASE ST • 63721.0 * 0.0 _ 63721.0

3 WB • 63721.0 * 0.0 * 63720.9 S
4 SLEW [MU POI * 63720.9 * 0*0 * 63704.4 *
5 NB IMU POI • 63704.4 * 0.0 • 63704.3 *
6 PQI * 63704.3 * 0.0 * 43319.0
7 FC REACT & MPS VENT t 43319e0 • 0.0 , 43295.0

8 WB • 43295e0 * 0.0 * 43294.9
9 SLEW MCC * 43_94t9 , 0.0 * 43289.3

|0 NB MCC * 432eq.3 * 0.0 * 43289.3
1| MCC * 432e9.3 * 0.0 * 43219.7 *
12 WO • 43219*7 _ O.O • 4_219.6

13 SLEW lqU TO! • 43219.6 * 0.0 * 43208.4

PRO--MAIN PRO--APS

0.0 * 0.0

0.0 * 0.0
O.O * 0.0

' 0.0 * 16.5
0.0 * 0.1

20_8S. 3 t O.n
0.0 * 0.0

0.0 * 0.1
0.0 * 5.6
0.0 * 0.0
0.0 * 69,5
0.0 • 0.1

0.0 * 11.2

14 NO IMU TOI * 43208.4 * 0.0 * 43208.3 *
IS TO| • 43208.3 * 0.0 * 30353.9 *

16 FC REACT & MPS VENT * 30353.9 * 0.0 * 30329.9 *
17 VB 8 30329.9 * 0.0 * 30329.6 *
IB _;LEW AOJ I1( _30329.6 * 0.0 • 30_S.7 *

19 N5 ADJ * 30325.7 * 0.0 * 30325.7 *
20 AOJ * 30325.? * 0.0 * 3027?.0
_1 tie _ _1_77.0 # 0-(_ # _1_i_7f_.7 lit
22 SLEW DEPLOY • 30276.7 * 0-0 * 30272.8 *
23 N._ DEPLOY 4. 30272.8 * 0.0 * 30272.7
24 DR(3P PL I--AK_ _ 3(_27_.7 • --R_,74.3 4_ _IROR.4

25 THRUST FR PL 1--AKS • 21398.4 * 0.0 * 21369.8
26 WB • 21369.8 * 0.0 * 21369.7
27' SLEW _t4U P0I _ _1369.7 * " 0.0 * 21368.5 *

2G NB |MU POI $ 21368*5 * 0.0 • 21368*5 *

29 POI I1( 21368.5 * 0.0 *

3| SLEW AOJ * 21249.8 * 0.0 *

32 NB ADJ * 21249.2 * 0.0 *
3_ APn_E Ar)J _ :)1240. _ _ (_ .0

34 WB • 21248*6 * 0.0 *
35 SLEW IMU HOI • 211247.5 * 0.0 *
36 NR IMU HOI 4, 21246.4 • o.o
37 I_01 4, 21246,,3 * 0.0

38 wO t 21129.4 * 0.0 *
39 SLEW TRACK • 21129.4 * 0.0

40 NB TRACK • 21126.5 * 0.0 *
41 TP| * 21124.4 * 0.0 *
42 (;i FW TRACK _ 220f._.2 :k O.O *

43 NO TRACK • 21063.3 * 0.0
44 MCC _ 210-_3*4 _ 0.0 *

45 SLEW T_ACK 11, 21053.1 * 0.0 *
46 NB TRACK • 21050.3 * 0.0 *
47 TPF • 21040.3 * 0.0 *

48 SLEW DOCK • 20941.9 * O.O

49 NO DOCK * * 20936.2 * 0.0
5© OOCK PL 2 • 20936.0 * 0.0
51 ADD PL 2 * 209_L3*6 * 8674.3 *
52 WB * 2_787.9 * 0.0
53 SLEW IMU TO[ * 2;787.4 * 0.0

__._5___.__.LM_U_ 3"01____ * 2_9_?_?_9- 6_*

0.0 * 0.1
12854.4 * 0.0

0.0 * 0.0
0.0 * 0.2

0.0 * 0.0
0.0 * 48.7

0.0 4_ 3.9
0.0 * 0.1

0.0 * 28.6

O.O * 0.1
0.0 4 1.2

0.0 * 0.1

21250.9

21249.2

21249.2
21248.6 *

21247.5 *
21246.4 *
_1246.3 *

21129.4 *
21129.4
21126.5 *

21124.4 *

21066.2 *
_1063.3

21053.4

21053.1 *
210_0.3 *
21040.3 *
20941.9 *

209_6-2 *
20936.0 *
20913.6 *

29_B't.J9 *
29787.4
29779.6 •

ii7.6 * 0.0
Q.l_ ik 1 .1

0.0 * 0,6
0.0 * 0.0

0.0 * 1.1
0.0 * 1.2
O.O • 0.I

116.9 * 0.0
0.0 * 0.0
0.0 * 2.9

0.0 * 2.1
50.2 4' 0.0

O.G 4_ 2.q
0.0 * 9.9

0.0 • 0o3
0-0 * 2.9
0.0 * 9.9"

0*0 Ill 98.4
0.0 • S.7
0.0 * 0,2
0.0 * 22.4

.... __O*O__--- 29779.6__* -_-

0.0 * 0.0___
0.0 • 0,5
0.0 * 7.7

_0 *D.._* ....... _.0 * 0 _ ._



76 NB AOJ 41' 12650.6 4' 0.0 • 12650.6 8 0.0
77 ADJ • 12650.6 lk 0.0 4' 1263002 $ 0.0 *

___ _TF _ w8 .......................... e+. 12(13_Q,Z_ e. ............. 0410__+_e___1.P,.._29,,_2 _* ........ 0,0. *
79 SLEW EOS CAPTURE ST + 12629.2 + 0.0 + 12627.6 l_ 0.0 +
80 NB CAPTURE Ill 12627.6 • 0.0 • 12627.2 4' 0.0

.__811__.CO+NT_._I_I+GEN+IC.+Y le7( +___ __I+2 0_2 _?',__2 __e......... 0,_)__•. 12287.3 ,8, 4339,49 8
•+•it•l•

TOTALS 50914.0

0.0
20.3

1.6

0.4

_ + 0._0 .

423.6

-r
L

TUG D_L.TA--V BUIOGET

___COtIF_I+G_L_C.13_£EPT__O_ _410&O_ 2 ..........

I--STG DEPL • PL--AKS GEOS. RgTR_jL -__J._DJL_ .........................................................

D v +I_tJ_I____I)..__AP_S ............................................

1 ST THRUST •I, 0.0 • 0.0

__ ..-.¢-__....P.__L _+_++.____.419A. 0 * O.LO__ ............................................

11 .CC • 000 * 1200

15 TOI • 384000 • 000

20 AOJ • 0.0 • 12.0

25 THRUST FR PL I-AKS • 0.0 • 10.0

29 POT $ 60.0 4, 0.0
33 APOGEE ADJ • 0.0 • 0..2

37 MOI • 60.0 • 0*0

41 TPl 4, 3000 • 000

44 MCC II, 0 '0 _e O .I

47 TPF • 0o0 4, 35.0

'_0 DOCK PL 2 * 000 * 8.0

, , 55 TO| * 1602.0 * 0.0
60 NCC • 0.0 4, 4.0

64 I:)01 • 352800 • 000

(_9 NCC I • 0.0 4, 2.0

73 CIRC 4, 4136.0 • 0.0

77 ADJ 4' 0.0 • 12.0

81 CONTIN_G E___N_._Y+ I_ ,_ • ___42__6°___9._7__It .... 0__#_0.................................
• I HIll 4,• 11111•4,•

TOTALS 1774607 95.3 P;_(I_E _,.3- 6'_



PAGE G.3- GI

'[_GbEIGHTHISTCI_¥-

CONF IG. CONCEPT 4lOAD- _

1--STG SERVICES 4 PL--REOL PARTS 8 DISC

1 TH:_UST ST * 6372100 *

2 NB RELEASE ST * 6372100 *

3 lf8 * 637210 0 *

4 S.EW I_4U TOI * 6372009 *

5 qB I_4U TOI * 63701.7 *

6 T31 * 63701o6 *

7 FC _ EACT 8 MPS VENT * 3;_1--860 0 *

•8 WB * 32087. 0 *

9 S.[_f _CC * 3208608 *

10 WB WCC * 32 081-;-;---*-

11 WCC * 32081o9 *

12 lfB

000 * 6372100 * 000 * 000

000 q 6372100 * 000 * 000

000 • 6372009 * 000 * 000

0;0 q 63701.7 * , 000 * 1_03--

0.0 • 6370106 * 000 * 001

000 Jt 3218600 * 3151506 * 000

0.0 II 32-08700 -_- ....... --_0_0 *--0.-0 ....

000 I) 3208608 * 000 * 002

000 * 3208109 * 000 * 408

13 S. Elf IMU MOI

14 ,48 IMU MOI

15 WOI

16 FC :rEACT & MP$ _T

17 WB

18 $.EW I"QACK

19 'qB T_ACK

20 T:D I

21 S.E_ TRACK

2 2 _ B--'f_--A-CK

23 WCC

24 S.EW TRACK

000 _ 3198705 *

0_0--¢. 0 ;; 0 .....

0 00 * 94 04

000 * 002

0.0 * _)-07 ....

000 * 002

1334504 * 0,00

-0-_. O- * 0;0

0 00 * 1 86

000 * 1400

000 * 1.5

5100 * 000

0 00 * 1309

--_0 *0" _ * ...... 0 . 8 ....

* 3198705 * 000 I) 3198702 *

* 31987.2 * 000 ,i 31977.6 *

* 31977.6 * 000 * 3197704 *

* 3197704 * 000 _) 18632.0 *

* 186-32o 0 * (_-0_---i8533_0 *

* 18533o0 * 000 q 1853104 *

* 1853104 * 000 * 1851704 *

* 1851704 * 000 • 185i6.0 *--

* 1851600 * 0o0 I) .1846500 *

* 184650G * 000 _i 1845100 *

* 1845100 * ....... 000-4. 1845002 -*

25 _18 TRACK

26 T:_F

27 SL. Elf DOCK

2 8 '48 DOCK

29 D3CK PL 1

30 AOD PL 1

31 lfB

32 SLEW DEPLOY

33 NB O El=q_ OY

* 18450o2 * 000 • 1844909 *

* 1844909 * 0.0 * 1843600 *

3 4 D_-'J l- "15(.- 1

35 THPUST F_ =L 1

* I8436.0 * 0.0 _ 184-35.1 *

* 1843501 * 0.0 • 1834809 *

* 1 834809 * 0.0 _ 18321.1 *

_---i-832101- * .... 000-* .... 18320.9 * ....

* 1832009 * 0.0 _ 28301--3 *

* 18301"03 * 500000 t 23301.3 *

* 23301.3 * 0.()---_--23301-,0 *

* 23301.0 * 0*0 • 2329705 *

* 232;705 * 000 4 23297.5 *

000' _ 002

000 * 13.9

0 00 * 0;8-

0 00 * 8602

0 00 * 2707

O'_-O -_ .... 0-02 .....

0.0 * 1906

0.0 * 000

0 00 * 003 .

0 00 * 305

0 00 * 000 •

36 WR

"' '37 S. Eif IMU POI

38 *W8 IMU POI

39 =3 I

40 lfB

41 S. EW WCC

42 _18 qCC

2 32"97; 5--* ----- 5171 ;6 " _ - I" 812 5 • r_ "_ ........ 0 .---0---_"

.181250_ * 000 * 1810106 *

1810106 * 000 • 1810105 *

• 1 _1-¢1-,-5--*-----0-;-0--_, .... 18100,2 *

• 1810002 * 0.0 ,) 1810001 *

• 1810001 * 0.0 * 1802201 *

• |802201 * 00-0-* .... 180030T.*---

• 1800307 * 000 _1 1800301 *

• 1800301 * 000 '_ 1800300 *

0-.0

0.0 * 24.3

0.0 * 001

-0--0--. 103-

000 * 001

7801 * 000

{)eO" * .... I 8 -014 ---

OeO * 007

0 00 * 000

43 WCC

44 _8

45 S.EW IWU MOI

46 NO I M U-_'O-I

47 _3 I

48 lf_

* 1 8 0 C 3 _ 0 . * ....... 0 * 0 -- * -- I 18002,5* ..... --0;0 _* ...... 0_5 ....

* 1800205 * 000 • 1798401 * 000 * 1804

* 1798401 * 000 I) 1798208 * 000 * 103

* i-7982o 8 * ........ 00 O- -*-- 17q82.8- * .... 0;0-# ....... 001 _ ....

* 179820 8 *

* 1 79C502 *

49 S. EW TRACK * 1 7903' 1 '*

50 'qR TRACK * 1785908 *

51 T:_I * 178;8o3 *

52 S. EW Tr_ACK * 1784q00 *

53 _18 TR&CK * 17845o 7 *

54 _CC * 1784402 *

000 _l 1790502 * 7706 * O.O

000 * 1790301 * 000 * 201

0.0 '_ 1789908 * ...... 0.0* ....... 303

000 • 1789803 * 000 * 1.5

0.0 II 17849.0 * 4903 * 000

000 • 17845.7 * " 000 * ...... 302

000 _' 1784402 * 0.0 * 1.5

000 _ 1784400 * 000 * 0.2



* 1 7844. 0 *

* 1 784 O. 7 *
* 1 783g. 2 *

* 1 7755.8 *

* 17749.3 *

* 1 7749. 0 *

* 1 773 O. 0 *

* 22730.0 *

* 22729.7 *

* 22726.3 *

0.0 _ 17840..7 *

0.0 _t 17839.2 *

0.0 _ 17755.8 *

0.0 4 17749.3 *

0.0 :$ 17749.0 *

0.0 * 17730.0 *

5000.0 ") 22730.0 *

0.0 _1 22729.7 *

0.0 t 22726.3 *

0.0 4 22726.3 *

* 22726.3 ,I, --5171.6 * 17554.7 *

* 1 7';54. 7 *

1 7531 • 2 *

* 1 7531.1 *

* 1752g. 8 *

* I 7529. 7 *
* 1 7353.3 *

* 1731805 *

* 17317.8 *

* 17317.8 *
* 1 731 7. 1 *

$ 17282.2 *

* 17280.9 *

* 1 7260. g *

* 171 06. g *

* 171 C4.7 *

* 17101.6 *
* 17100.0 *

* 1 7052. 9 *

* 1 704 g. 8 *

* 1 7048.2 *

* 1 7048. 0 *

* I 7044. g *

* 1 ?043o3 ,

* 1 6963.6 *

* 1 6957.4 *

* 1 6g-_7. I *

* 16938. g *

* 21 938. g *

* 21 g38,6 *

* 21935° 3 *

0.0 # 17531.2 *

0.0 * 17531.1 *

0.0 * 17529.8 *
O. 0 4 17529.7 *

0.0 $ 17353.3 *

0.0 $ 17318.5 *

0.0 _ 17317.8 *

0.0 _ 17317.8 •

0.0 _ 17317.1 •
0.0 * 17282.2 *

0.0 * 17280.9 *

O.C * 17280.9 *

0.0 _ 17106.9 *

0.0 * 17104.7 *

0.0 _ 17101.6 *

0.0 _ 17100.0 *

0.0 _ 17052.9 $

0.0 _1 17049.8 *

O. 0 ,I, 1 7048.2 *

O. 0 4 17048.0 *

OeO _ 1 7044.9 *

O. 0 _t 17043.3 *

0.0 4 16963.6 *

0.0 II 16957.4 *

0,0 * 16957.1 *
0.0 $ 16938.9 *

5000.O :) 21938,9 *

0.0 4 21938.6 *

0.0 _ 21935.3 *

0.0 _ 21935.3 *
* 21935.3 * -5171.6 $ 16763.7 *
* 1 6763. 7 *

* 16741.2 *

* 1 6741.1 *

* 1 6739.9 *

* 1673<3.8 *

* 1 6656. g *

* I 6637. 1 *

* 1 6636.5 *

* 1 663 6.4 *

* 1 6636. 0 *

* 1661 6.2 *

* 16614.g *

$ 16614.9 *

* 16532.6 *

* 16530.2 *

* 1 6527.2 *
* 1 6525.6 *

* 1 64 cO. 1 *

* 164 77. I *

* 164 75. A *

* 1 64. 75.2 *

* 1 64 72.2 *

* 16470.6 a

0.0 _ 16741.2 *

0.0 _ 16741.1 *

0.0 _ 16739.9 *

0.0 $ 16739.8 *

0.0 4 16656.9 *

OeO * 16637.1 *

0.0 _ 16636.5 *

O. 0 :; I 6636.4 *

0.0 _) 16636.0 *

0.0 * 16616.2 *

0.0 $ 16614.9 *

0.0 _ 16614.9 *

O. 0 *I, 16532.6 *

0.0 * 16530.2 *

0.0 * 16527.2 *

0.0 4 16525.6 *

0.0 * 16480.1

0.0 It 16477.1 *

0.0 * 16475.4 *

0.0 11 16475.2 *

0.0 4 16472.2 *

0.0 t 16470.6 *

0.0 _ 16'393.5 *

* 16393.5 n_E '/.3- (;7 16387.6 ,

0.0 *

0.0 _I.

0.0 *

0.0 *

0.0 *

0.0 *
0.0 *

0 .0 *

0.0 *
0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

176.4 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

173.9 *

0.0 *

0 .0 *

0.0 *

47.I *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0-0 *

0.0 *

0.0 *

0.0 *

0.0 *
0.0 *

0.0 *

0.0 *

82.9 *

-0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

82.3 *

0 .0 *

0.0 *

0.0 *

45.5 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0,0 *

3.2

1.5
83.5

6.5
0.3

19.0

0.0

0.3

3.4

0.0

0.0

23.5

0.1

1.3

0.1

0.0

34.8
0,,.6

0.0

0.7

34.9

1.3

0.1
0.0

2.2

3.1

1.6

0.0

3.1

1.6
0.2

3.1

1.6

79.7

6.2

0,3
18.2

0.0

0.3

3.3

0-_0

0.0

22.4

0.1

1.2

0.1

0.0

19.8

0.6

0.0

0.4

19.8

1.2

0.!
0.0

2..3

3.0

1.6

0.0

3.0

1_6
0.2

3.0

1.6

77.0

6.0



N_. DOCK

OOC< OL 4

ADD DL 4

*/B

S-EW DEPLOY
'_B DEPLOY

D_3 _ PL 4

TH:_UST F_ OL 4

dR

S_EW .IMU TO!

_B [_IU TO T

T31

FC _ EACT 8 MP5 VENT
_B

S_ EW h4CC

_IB _ICC

_CC
WB

S. ___ IM U pr) I

x;_ I_U on I

FC _FACT & MPS V__NT

WB

s_ EW _.ICC

'4B _ICC

'4CC

#R

S.E# I_U CIRC

',IB I_U C II:;C

CI_C

W_

S. Ew i OJ

_4f_ ADJ

ADJ
#8

S_EW _OS CAPTLRE ST

NR FOR CAPTU_ ST

C3NT INGENCY 1,,7(

TOTA_$

• 1638706 * 000 •

• 1638702 • O, O •
• 16369,7 * 5000o0 *

• 2136907 * 000 •

• 2136904- * 000 •

• 2136602 * 0°0 •

• 2136601 • -51710(_ :l

• 161 (;405 * 000 •

• 161 7208 • 000 •

• 1616909 * 000 •

• 1616807 • 000 •

• 161 6e03 • 000

• 9420o6 • 000 •

• (;321.6 * 0.0 Jt

• (;32006 • 0.0 •

• 932003 * 000 •

• (;32002 • 000 •

• (329900 * 000 •

• _2 gS, 0 * 000

92<37.3 • 0.0 •

• 929608 • 000 Jt

_' 6585.3 * 000

• 648603 * 000 #

_' 640504 • 000 •

• 64 8502 • 000 :l

• 6485.1 * 000 •

• 6475.5 * 000 ,t

• 6474. 7 * 000 •

• 6474.2 • 000 =1

• 64.7304 • 000

• 43280 <) * 000

• 432007 * 0°0 •
• 43280 6 v,W O, 0 •

• 432_J04 * 000 •

,1_ 432C. 9 8 0.0 :1
• 432007 • 000 II

• 4320.6 * Oo 0 :t

• 431g,0 * 000

1638702 • 000 * 003 "

1636907 * 000 • 1706

2136907 • 0.0 • 0.0

2136904 • 000 • 003

2136602 • 000 ,_ 302

2136601 • 000 * 0.0
16,194o5 * 000 • 0.0

16172.8 • 000 * 2107

1616909 • 000 * 209

1616807 * 000 _' 102

1616803 • 000 * 005

942006 • 674706 • 0o0

932106 * 0.0 • 000

932006 _, 000 • 1.0

932003 * 000 * 0.,3

9320.2 • 000 * 001

929900 • 000 * 2102

929800 • 000 • 100

929703 * 000 * 007

929608 * 000 • 005

658503 * 2711.5 * 0.0

648603 * 000 * 000
648504 * 000 * 008

641,85o2 • 000 * 002

6_8501 • 000 • 0.I

6';7505 * 000 * 905

6474.07 * 000 * 008

647402 * 000 • 005

647304. * 0_0 • 008

4.32809 • 214.4o5 * 000
432807 • 000 • 001

432806 * 000 • 002

4328.4 * 000 * 0.2

432009 • 000 • 7.5

432007 • 000 * 0,,1

4.32006 • 000 * 0,,2

431900 * 00,0 * 1,,6

4135.0 * 18401 • 0.0

5751207 99006



.,_IP

CONF IG •

TUG DELTA-V BUDGET

CON CEP T 4 I OA O- _.

I-STG SERVICES 4 DL--REPL PARTS 8 DISC

.....rOTA_S

INv

DV MAIN

********

* 0,0 *

* 7424, 0 *

* 0,0 *

* 5874, 0 *

* 30,0 *

* 0,0 *

* 0,0 *

* 0,0 *

I * 0,0 *

* 47, 0 *

* O. 0 *

* 47, 0 *

* 30, 0 *

* O, 0 *

* 0,,0 *

* O. 0 *

2 * O. 0 *

* II0,0 *

* O, 0 *

* I I0.0 *

* 30,0 *

* O, 0 *

* 0°0 *

* 0,0 *

3 * 0.0 *

* 54, 0 *

* O® 0 *

* 54, 0 *

* 30.0 *

* 0.0 *

* O, 0 *

* 0,0 *

4 * 0,0 *

* 5874, 0 *

* 0,0 *

* 3750.0 *

* 0,0 *

* 43 76, 0 *

* 0,0 *

1,7( * 473.6 *

28313. 6

D V APS

********

0.0

0.0

22.0

0.0

0.0

0.1

35.0

8.0

I0.0

0.0

0.2

0°0

0.0

0.1

35.0

8,0

I0,0

0,0

0.3

0.0

0.0

0.I

35.0

8.0

10.0

0.0

0.2

0.0

0.0

0.1

35.0

8.0

I0,0

0.0

17.0

0.0

11,0

0,0

13,0

0.0

********

276,1

pAGE I;.5- ,:,h
V



PA3E 6.3- 6.5

TIJG IEIGHT HISTC_Y

CONFIG. CONCEPT 41CAD-- _.

I--STG S_VCS 4 PL IN GEO$'---BI_G PRT5 BK

1 TH=U ST ST

WT REF DLT PAY tkT JFT

63721. 0 • 0*0 * 6371_|.0 _'
2 ¼B _ELEASE ST II,

3 aB ,_

A S.E# I'AU TOl I_

5 _IB IMU TO I

6 T3I

7 FC _EACT f. MPS VENT

8 W5 4,

9 SLE_ MCC

63721.0 _' 0.0._ 63721°0 • 0.0

63721.0 '_ 0°0 _) 63720.9 • 0.0 '_

6369807 • 0.0 '_ 63698.6 • 0.0

63698°6 '_ 0.0 _ 32184.5 '_ 31514.1

321 _405 _' 0.0 ,I 32060.8" _, 0_0---_

3206008 • 0.0 W 32060.5 * , 0.0

3206005 • 0.0 _) 3205409 • 0.0 _1,

0.0 'it 0.0

0.0

0.0

LP2;-;_

0.1

0.0

082

5.6

! I qCC

12 eB

1 3 S. E# IMU _40 1

16 FC _ EACT & NPS VE-N-T----_

17 We

18 S. EW TRACK ,_,

1 9 _lB TPACK

20 T :_ I

3205_'89-_ ....... 0.0 _ ..... 32054.9 $ ........ O-e'O'-_

32054.9 _' 0.0 _ 31960.6

3196006 • 0.0 _1 31960*3

3194902 _' 0.0 t 31949°0 .t

3194900 • 0.0 I) 18615.5 #

I 861:5;,-.5 * -C_.-O--_ --1 8491,8 *

18_(;108 _ 0.0 _t 18490.2 *

184_002 _, 0.0 _l 18474.1

_' 18474.1 • 0.0 ,I 18472.6 _,

_1, IE47206 • 0.0 _ 18421.7

0-;0 .......

0 *0 _ 94*3

0.0 • 0.2

0.0 _1, 11.1

0.0 • 0.2

13333.5 ,_ 0.0

-_¥0--_ 0_0

000 _ I[o6

000 • 16.1

0.0 • 1.5

50.9 • 0.0
21 S. EV/ TRACK

• 2 N'8 T_ ACI_

23 MCC

24 S:- E_f TRACK

25 NB TRAC<

26 T_F

2? S.E_ DOCK

28 N B [iO-CK

29 OOCK PL 1

30 ,_DO _.. 1

31 I_R

32 S.E_I DEPLOY

33 _18 DE_LO Y

34 I_ :) )---PL 1

35 THRUST FR _L 1

36 #8

37 S. Ed INU PDI

38 _B I_tU PO!

39 P3 I

40 #8

41 5. EW MCC

42 _18 ,ACC

¢3

"_ 1842107 _, 0.0 4 18_05.7 • 0.0 16.0

6;8 ;- --

0.2

16.0

0.8

18404.8 • 0.0 4 18404°6 • 0.0

I8404.6 • 0*0 _t 18388.6 I1' 0.0

18388.6 '_ 0.0-'_ 18387.7 _' 0.0

18387.7 _' 0.0 _ 18301.7 * 0.0 • 66.0

1830107 • 000 _ 18269.6 • 0.0 • 31.9

-I826908"e ...........0.0 11 --18269.6 • ..... 0;0 -# 0_,.2 ......

1826906 • 000 • _8250.0 * 0--0 11, 119.6

• 182500i) _, 5000.0 _ 23250.0 • 0.0 _' 0.0

'_ 2325000 ,¢ 0.0--_ .... 23249.6 _. 0;0"--4, 0-;'83 .....

2324_.8 • 0.0 * 23245.7 '_ 0*0 _ 4.0

2324507 • 0.0 _ 23245.7 • 0.0 _' 0.0

2324,5-* 7 ,_----5000;0-_ .... 16245°7 _, ....... -(_;0---_ .... 0;0 .....

1824507 • 0.0 I) 18221,,2 * 0.0 11' 24.4

1822102 • 0.0 _ 18221.2 " 0.0 • 0.1

'_ 1822102 • 0.0 _ 18219.4 _ 0_-0-"-_ i."T---

18219.4 _' 0*0 • 18219.4 • 0.0 ik 0*1

18219.4 • 0.0 _1 18140.8 • 76.6 • 0*0

11, 181230_ • 0.0 II 18123.0 I1' 0,0 • 0.9

18123.0 • 0.0 • 18123°0 • 0.0 '_ 0.0
_CC

44 _B

46 _IB -T'_U-_OI

aT _43I

48 #_

50 '_8 TRACK

51 TO) !

52- S-._E"W -T=AC_ ................ ,I, 1 796e, 4 *

53 _18 TI_ACK • 1796401 ,_

54 _tCC ,I, 1 796208

'_ 1812300-_, ...... 0 * 0 _ k 18122.5 _, ........ 0.0- # .......... 015 .....

_' 18122.5 • 000 _ 18105.5 • 0.0 • 17.0

18105.5 • 0.0 II 18103,,8 • 0.0 • 1.7

'_---181C308* ....... 0.0 • 18103.7 e .... O;O--_li ..... 0-;,1 ....

_' 18103.7 * 0.0 _ 18025.7 * 78.1 _' 0.0

,1_ 1 80250 7 • 0.0 I) 18023.7 II, 0 .0 'Ill 2*0

'_'---18023.7-_, ...... 0.0 ._-18019.4. *, _...... 0,;0-,_ .... _'3 .....

_' 16019.4 ,_ 0.0 • 18018.0 ,I, 0.0 • 1.4

,I, 1601800 • 000 ,) 17g69.A ,_ 49.6 • 0.0

0.0 _ 17964.1 ,t ...... 0.0 • " 4.3

0,0 ,I 17962.8 • 0.0 _' 1.4

0.0 _ 17962.5 • 0.0 _ 0*2
• . . -- ...... . ..



* 1 7962.5 *

* 1 795@. 3 *

* 1 7956. g *

* 17872.9 *

* 17864.4 *

* 1 786_. I *

* 1 78_5. 0 *

* 22 845. 0 *

* 22,844.7 *

* 228¢_0. ? *

0.0 * 17958.3 *

0.0 * 17956.9 *

0.0 _ 17872.9 *

0.0 :; 17864.4 *

0. 0 =_ 17864. I *

0.0 _ 178_5.0 *

5000.0 _ 22845.0 *

0.0 * 22E_4.7 *

0.0 _ 22_0.7 •

0.0 ,I 22840.7 *

* 22840.7 * --5000.0 :I 17840.7 *

* 1 784 O. 7 *

* 17816.8 *

* 17816.7 *

* 17815.1 *

* 1 791 5. 0 *

* 1 7635. 7 *

* 1 760J. g *

* 176 03. 0 *

* 1 7603. 0 *

* 1 7,5 C2. 3 *

* 1 757D._ *

* 1 756_. 7 *

* 1 7568. 6 *

* 1 7_1.8 *

* I 73 _ g. 8 *

* 1 7_ _5. 7 *

* i 73 84.2 *

* 1 733 6.3 *

* I 7332.2 *

* 173]0. 8 *

* 17330.6 *

* 1 7326.5 *

* 1 7325. 0 *

* 1 7244. 0 *

* 1 72.35. 8 *

* 1 7235.5 *

* 17217.0 *

* 222 1 ?. 0 *

* 22216.8 *

* 22212.9 *

0.0 * 17816.8 *

0.0 _ 17816.7 *

0.0 * 17815.1 *

O. C _ 17815.0 *

0.0 :l 17(535.7 *

0.0 =_ 17603.9 *

0.0 :_ 17603.0 *

O,C :I 17603.0 *

0.0 :l 17602.3 *

0.0 _ 17570.4 *

0.0 $ 17568.7 *

0.0 _ 17568.6 *

0,0 _ 17391,8 *

0.0 _ 17389._ *

O. 0 _ 17385.7 *

0.0 :$ 17384.2 *

0.0 :t 17336.3 *

0.0 * 17332.2 *

0o0 _ 17330.8 *

0.0 * 17330.6 *

0.0 * 17326.5 *

0.0 _ 1732b,0 *

0.0 ,l 17244.0 *

0-0 _ 17235.8 *

0.0 _ 17235.5 *

0.0 :I 17217.0 *

_000. 0 :I 22217.0 *

0.0 _ 22216o_ *

0.0 _ 22212.9 *

0.0 • 22212.9 *

* 17212.9 *

* 17189.8 *

* 17189.7 *

* 1 71 8_. 1 *

* I 71 88. 0 *

* 171 02. 9 *

* 1 70e5.0 *

* 1 7084.2 *

* 170_4. 1 *

* 1 7083. 7 *

* 1 7065. 7 * '

,* 17064.1 *

* 1 706_o 0 *

* 1 6979.5 *

* 16_77.4 *

* 16973. _, •

* 1 6971. g *

* 1 _925.2 *

* 16921. I *

* 16919. 7 *

* 1 691 9. I+ *

* 1 6gl 5.4 *

* 16914. 0 *

22212. _ * -5000.0 11 17212.9 *

0.0 _ 17189.8 *

0.0 * 17189.7 *

0.0 * 17188.1 *

0.0 it 17188.0 *

0.0 * 17102.9 *

0o0 ,I 17085.0 *

0.0 * 1708_.2 *

O. 0 * 170_4.1 *

O. 0 _ 17083.7 *

0.0 =_ 17065.7 *

O.O * 17064oI *

Oo 0 _ 17C64.0 *

0.0 * 16979.5 *

0.0 _ 16977._ *

0.0 _ 16g73.4 *

0.0 ,I 16971.9 *

0,0 _ 16925,2

0.0 * 16921.1 *

O. 0 * 16919.7 *

0.0 =_ 16919._ *

0.0 :I 16915._ *

0.0 :; 16914.0 *

0.0 * 16634.8 *

1683_.8 _ ) A l _ E C.3- GF 16826.9 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

179.3 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

176.8 *

0.0 *

0.0 *

0.0 *

47.9 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0 .0 *

0.0 *

0.0 *

0 .0 *

0.0 *

0.0 *

0.0 *

0.0 *

0 .0 *

0.0 *

0.0 *

0.0 *

0.0 *

,. 85.1 *

0 .0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

84.5 *

0.0 *

0.0 *

0.0 *

4.6.8 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0 .0 *

4.3

1.4

84.0

8.5

0,3

10.1

0.0

0.3

_,.0

0.0

0.0

23,9

0.1

1.7

0.1

0.0

31.8

0.6

0.0

0,7

31.9

1.7

0.1

0.0

2.0

4.1

1.4

0.0

4.1

1.4

0.2

';.1

l.n

81.0

8.2

0.3

18.5

0.0

0.3

3.9

0.0

0.0

23.0

0.1

1.6

0.1

0.0

17,9

0.8

0.0

0 * 5 I

17.9

1.6

0.1

0.0

2.1

4-0

1.5

0.0

4.0

1.5

0.2

4.0

1.5

79.1

8.0



** NF3 OnCK * 16826.9 * 0.0

,I r)OC< PL 4 * 16826.6 • O.G

** ADD PL _ * I08C8.5 * 5000.0

** WR * 218C8,5 * " 0.0

** .__EW DEmLqY * 218C8,3 * 0,0

** NB r)EP/DY * 21804.5 * 0.0

** _30 DL 4 * 21804,4 * --5000,0

le TH_tIST =1_ DL 4 * 16804e4 * OeO

** Wn * 16781, @ _ 0,0

** S_EW I"U TOI * 16779.3 * 0.0

** _lq IMU TOI * 16777,7 * 0.0

** T3 I * 16777.3 * 0.0

** FC _EACT F. MnS VENT * cJ775e5 * 0,0

** wq * _651, 8 * 0.0

** S_E# MEt * (;650,8 * 0,0

** NB vICC * (;650,4 * 0.0

** _CC * (;65 C, 3 * 0.0

** _w_ * (_628,3 * 0,0

** S. Fa IMU POI * _627.4 $ 0,0

-* ".In IMU oO I * g626, 5 * O, C

** _3 I * (]626,0 • 0.0

** PC _'FACT 6. Mr) S VENT * 6818,5 _¢ 0.0

** #_ * 66c_4. 7 * 0,0

** S.f_W _CC * 6694.0 * 0.0

** _lrt _CC * 66(;3,7 * 0,0

** _CC * 6693,6 * O, C

** #_ * 66_3, 7 * 0.0

w., S_ Ew l'vIU C Ir_C * 66_3. 0 * O.O

** _IR IMU CIRC * 6662.4 * 0.0

** Cl_C * 6681,6 • 0,0

** _ * 4a68, 1 * 0,0

** S_T# ADJ * 4468.0 * 0.0

** '_I_ A_J * 44f:)7,8 * 0.0

** ADJ * 4467,6 * 0.0

** #_ * 445(;,8 * 0.0

** S_EW Er) s C_tP 7L,_E ST * 4459,7 * 0,0

,_1, NF_ E-)S C_OTIjr#E ST * 4_59, 5 * O, C

** CDN'r ING_NCV 1.7( * ¢t458, I * 0,0

TC)TA_ S

_1 16826°6 * 0,0

16808,5 * 0,0

4 21808,5 * 0°0

• 21808,3 * 0°0

2180/_,5 * 0.0

21804°4 * 0°0

# 16804,4 * 0,0

16781,9 * 0.0

• 16779,3 * 000

16777.7 * 0.0

• 16777,3 * 0.0

II 9775,5 * 7001,,8

:l g651,8 * 0 ,0

9650,8 * 0 o0

_l 9(:50,4 * 0 eO

• 9650,3 * OeO

9628,3 * 0°0

4 9_27.4 * 0 .0

• 9626,5 * 0.0

i 9626,0 * 0,0

• 6818,5 * 2807,5

66g4,7 * 0 ,0

6694.,0 * 0,0

'_ 6693°7 * 0 °0

,I 6693,6 * 0 ,0

6683°7 * 0 ,0

• b683.0 * 0,0

• 6682,4 * 0 ,0

6681 °6 * 0,0

_1 4468,1 * 2213,5

4468,0 * 0,0

'I 4467,8 * 0,0

4467,6 * 0 ,0

4 4459,8 * 0,0

i 4_59-] P * 0 ,0

4459,5 * 0 ,0

4458, 1 * 0 °0

4268, 1 * 190.0

****$***

57938.0

* 0°3

* 18.0

* 0,0

* 0,3

* 3,,8

* 0,0

* 0,0

* 22,5

* 2,6

* 1,6

* 0,_

* 0,0

* 0,0

* 0.9

* 0,5

* 0,I

* 22,0

* 0.9

* 0,9

* 0,5

* 0,0

* 0.0

* 0°7

* 0,3

* 0,1

* 9,9

* 0.7

* 0°6

* 0,7

* 0,0

* 0.I

* 0,2

* 001

* 7.8
* 0°1

* 0.2

* l._t

* 0,0

********

1019.6



L__.
CONF IG.

TUG DELTA- V 3 UDGE T

CgNCEP T 410AD- ,_

1-STG S_ VCS 4 PL

v

I THRUST ST

6 T3 I

-- ii -_CC

15 W3I

20 T_ I

- 23 _CC
26 T_F

29 D3 CK PL 1

- _ -35 THRUST FR PL

39 ;_3 I

43 WCC

47 W3I

51 T_I

54. MCC

6O

66

70

74

78

85

88

91

97

03 CK PL 2

THRUST FI_ mL 2

:)3I

_4CC

T _ -!

_CC

T:)F

D3 C_ PL 3

THPUST F_ PL 3

D3I

u.CC

T_I

T_F

DDC< PL 4

THRUST FR PL 4

T3!

WCC

c)3I

_CC

CI_C

ADJ

C3_4T [NC-ENCY 1.7(

.......i;OT AL S

IN GEOS--BI_G PI_TS BK

DV MAIN DV APS

* 0, 0 * 0,0

* 7424, 0 * 0 • 0

* 0.0 * 22,0

* 5874. 0 * O. 0

* 30,0 * 0.0

* 0,0 * 0.1

* O, 0 * 35,0

* 0. 0 * 8,0

* 0.0 * 10,0

* 47. 0 * O. 0

* O. 0 * 0.2

* 4.7, 0 * 0°0

* 30. 0 * 0.0

* 0.0 * 0°I

* 0.0 * 35.0

* 0,0 * 8.0

* 00 0 * I O. 0

* II0,0 * 0,0

* O, 0 * 0.3

* 110,0 * 0.0

* 30.0 * O, 0

* 0.0 * 0,I

* O, 0 * 35.0

* O, 0 * 8.0

* 0.0 * 10.0

* 54. 0 * 0.0

* 0.0 * 0,2

* 5_, 0 * O. 0

* 30.0 * 0°0

* 0.0 * 0,1

* 0.0 * 35,0

* 0,0 * 8.0

* 0. 0 * 10,0

* 5874. 0 * 0°0

* 0.0 * 17.0

3750. C * O, 0

* 0,0 * 11.0

* 4.375. 0 _ 0.0

* 0.0 * 13,0

* 473, _ * 0.0

******** *****_**

28313.6 276.1

,-, PAGE l;.3- _;::



6.3.5.1

6.3.5 01:TION 3A

CONCEPT 310- 3A

GEOS',Y'NCI-4 DEPLOY PERFORMANCE

REFERENCE%:

q. 3AIO-I Co_cel:,t Def"ini_io_ Issue 1,dared 16 Aug 1975

b. 681 _4047- 73054," Tu_ Re_ulrP,menf_ Revision _.,"dared 15 Au_ 1973

\
\

GEI, JERAL INFO Rid ATI o 1,1

WF,*ED = 3175 Ibs 159- _58.0 sec

WA_p-r_R = I"Z'Z=3 IbS ISPE - 0.985 ][._9 -- 5_.52. 2--5 %ec

k_JL .-- WLo- %}^DP,eT = &,5000- 12"Z3

UOL-" _,3777 Ib_
p,..,....--.-----

Z_Vu : IS9G 7 _7es

_a%= iB885 ?es

uJ F,,,,_ * X (.e,,',su,_ & I, s )

3173, o.17C

z= o.17 (deploy)

T_-'s Le_.5"_h-- L-r-" 2.9"/ i'n

Orto;_e_, PII. B%U5_,_._th, Lo

kp ; 72o-297 = 42% _n

NASA MISSIONI5

_E P/L o E PL_.E___oY

UJ_o(Deftcg) = [IJgOT :
31"1"5 * 0.17 ( ,o542"" = 3263.15 Ibs

(/Jill (Dei, lo_ ) = _(&3777 I1_,52551B% 35_.9.5 _,._, Av) = 5417 Igs

PAGE g.3- Gq



LUNLV.Y-_ 5tO-BA (con÷)

)
MU..LTI T P/_L DEPLOY,

b0_C_uL_,-_lL) = WSoZ = 3173-0.17(554) = 32G_.7__lbs

WpA (_,., V,-;- e/L) = 'rr'f_, , _ ,z._m, AV,.,, ,',V¢,.,A%) -

_v_ :i:c¢=Go')=2°2_i'ps

DOE) _1551ON%

U.)Bo = U-)Bo (.NASA) ÷ AWc_M

_!NGLE, p/L, DEPLOY

" Ua_o(c,ep_o,_)= 3253.18.t3.2 = •324__ 38 Ibs

OJp/LC0,plo_) : [(w,:,UaBo,£Sp_,AV_,Z_V_) =

I_IuL'I_-P/L DrZPLO___Y

IAJBOC_lulli. PiLj : 32(o_'/8e 1_.7. : 327/,_.9_ I_

LUp/L (.muff;.p/_) " _"(0_,_IJ_o,I.SPF_,AVu, &V(}, AV_ ) -"

PA_ {;.3- 7;_



REFERENCES:

Q. _AIORE- I Concept De_n{_bn, Issue l, d_e_ IG Au 5 19-/5

b. 8 81 M047- 7BO54,"Tu] Reg.uirments_ Rev'l_ion _-," d_fed 15 Au 9 1975

GENERAL I MFORMA'I'I O1_1

V,/r_,eb = "559(, I_s

W.N_,_"t- 1225 165

_)R_RV = 107 IIos

W{. = P/L° - U0_)_I)T =65000 - I_Z3

I,U_ = (_B'/77 Ib_

uJeq --=3596 _')cC

ISP = 338.0 s{_

ISPE-- 0.903 ISP= 3B2.25 _e¢

AV_o = 13967 .tea

AVo = 138S5 _'p_

AVoo : 13._..___oCR= CRo..__,,_,)

"_C= O.__(l:)eplo_)")O. '2__8f,Re%f,eve) 30.'L7 CR;qnd Tr;'p)

Relr,ev_l De_ Module Le_ih = LK-- 5_____%n

Odo_e, P/L Bo_ Le_st-k = Lo = 720 ,_

Av'_il_hle P/L Le,_9"tk " Lp = L=.- (.L- I. + LR')

Lp = 720 - (_97) = 4_5,'n =

-- -/20 - (Z97,_(,) = =38--/,"_-

; RDM d_'omefer = %0_{

35._5 r÷

3e.25 _÷

PAGE (;.3- 71



CONCEPT 31ORE-3A (con_)

NIASA M I 5%_01x15

WI'THOUT RETRI, F._VAL D_'LAY MODF

s,___i_ P/_

I.Ol_(_.pl_) = u.l_T. - I.Oe._v = 359(o +0.17 (_54 ) .. IQ'-I =_549. 1.8 lloS

I'OBoceet-,-,_yc)= _Oeo_ = 339_,-*0.'28(49(_ ) -_ _554.88 II_

e)_._.,_ T,;p)= OJm>_._=3394, * o._7 ( GIG ) = B S&2, 3Z 16._
'l " "

aJr'/LCDeplo_) - Tr'(_.uOB,,Z_P% AV,,, AVe) -=

._O_/L_o_,_r,,_): 9 ( _' ) --

502r_ IB_

16_8 -Ibs "

109G IBs

F{_.

_.

Mu I'l-i- P/L'5

t'UBOC_pIo_l ) = _oz -u)_ - 539{,* 0.17(_4) -107 = BB79.'/__ l%s

[

/

P_t_o...n.,i,_ ,,

WVTH
"1 RETRIEVAL DE,L.A_y. MODE

llJplL = r ( P/L_,,,y,_, P/L,,_,,_O

PA('E [.5- 72



<ONC:tl _ I 31ORE-3A(cor

DOD M_55_ON%

F_5

See

14ulf;_ P/L. 1:3epIo_

t.IJ_ = 5"5-/9.7_ _'.&_ = 3412, "7.__Ibs

u')w[ = .-!:"(_,:. ,,_e_ T__s_,tN,,,t_v_, t,,v,_) =

• WITH _E-TIRIEVAL DELAY' b40O E

O_se NASA perTr'o,-mance

LUp/L = F_O
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PAGE 6.3- 83

TUG WEZGHT HZSTORY

CONF|G. CONCEPT 0 3101_-3J_

I-STG DEPL I PL IN GEOS

iT BEF DLT PAY WT AFT

1 ST THRUST $ 63777,0 $ 0,0 $ 63777,0

2 NB RELEASE ST • 63777,0 S 0,0 $ 63777.0 $

WB $ 63777.0 $ O*Q _ 63776.9
4 SLEW [MU PO! $ 63776.9 $ .0,0 _ 63760,4
5 NR [MU PO! • 63760.4 $ 0,0 $ 63760,3
6 PO! _ 63760._ $ O.O $ 4]1R9.9

7 WB $ 43189,9 • 0.0 $ 43189,8 S
8 SLEW MCC $ 43|89.8 $ '0*0 $ 43184,2
q NB MCC $ 43184._ $ O.D $ 43184.2

|0 MCC $ 43184._ $ 0.0 $ 43109.0
|| WB $ 43109,0 $ 0,0 $ 43109.0

!2 SLEW IMU TOI $ 43109,0 $ 0.0 $ 43097.8 $

13 NB IMU TO! $ 43097,8 $ 0.0 $ 43097.7 $
14 TO[ $ 430;7,7 • 0*0 _ 30156.7

|_ F C REACT _ MPS V_NT $ 30156.7 $ 0,Q $ 3013_.4
16 _B $ 30138.4 • 0.0 $ 30138,1 $

17 SLEW MCC $ 30138,1 • 0,0 $ 30134,2

IR NB MCC $ ]0134._ $ 0.0 $ _n134._ $

19 MCC $ 30134,2 $ 0,0 $ 30085,8 $

20 _B $ 30085,B $ 0,0 • 30085,6 $

_1 _LEM IMU MO| $ ]00_5._ $ 0.0 $ _fl077.7 4

22 NB IMU MOI $ 30077,7 $ 0,0 $ 30077,6 $
23 NO! $ 30077,6 $ 0.0 $ 17567.1
_4 FC RFACT & MP_ _NT $ 17S67.1 $ _.fl $ 17RAR.R $

25 WB $ 17548.8 $ 0,0 _ 17548,7 $

26 SLEW MCC $ 17548,7 $ 0,0 $ 17546,4 $

_7 NB NCC $ 17548.G $ 0.0 t 17546.4 $

28 MCC • 17546.4 _ 0,0 _ _7504.| $

29 WB $ 17504,1 $ 0,0 • 17504.0
_e _IFI 9_PL_Y t |?S_l.n • n.e i |7_|.R i

31 NB DEPLOY $ 17501,8 * 0.0 * 175C1.7 $

32 DROP PL 1 $ 17501,7 $ -5423,1 $ 12078,6 $
33 THRUST FR PL $ 1207B.8 $ 0.0 $ 1206_.# $

34 WB $ 120_2.4 $ 0.0 $ 12062.4 $

35 SLEW !MU TO! $ 12062,4 $ 0,0 $ 12061.8 $
38 NB IMU T_! $ 12881.8 $ 0.0 $ 12081.5 $

37 TOI $ 12061,5 $ 0,0 $ 7050.4 $

38 FC REACT ¢ MPS VENT $ 7050,4 _ 0,0 $ 7032,2
39 WR $ 7032.2 $ 0.0 $ 7030,4 $

• 0 SLEW MCC $ 7030.4 • 0.0 $ 7030.2 $

41 NB MCC $ 7030,2 $ 0,0 $ 7030,1 $

A2 MCC $ 7030.1 $ 0.0 $ 7QJL]-2 $

43 WB $ 7013,2 $ 0.0 $ 7011,4 $

44 SLEW IMU POl • 7011,4 $ 0.0 • 70||,1

45 NB IwU POI $ 7_L1.1 $ 0._ * 70J_,_ $
46 PO! $ 7010,8 $ 0.0 $ 4914.3 $

47 FC REACT 8 MPS VENT $ 4914,3 $ OeO $ 4896.0 $

,.46 WB • 4896.0 • 0.0 $ 4.__4m9 $

49 SLEW NCC • 4894,9 • OeO $ 4894.7 $

50 NB MCC $ 4_94,7 $ 0,0 • 4894,6 $

_I MCC $ 4B_4.6 $ 0-_ $ 4R_.7 $

52 WO $ 4_e6.7 $ 0.0 $ 4R85.5 $

53 SLEW I_U CIRC $ 4885.5 $ 0.0 $ 4885.2 $

__.__5_4__.HB_C_[RC_._ ..... ' _____885,2_$ ...... 0.0_$ ___884.9___ ....

PRO-MA!N PRO-APS
$$$$$$*$ **$*$$$_,

0,0 * 0,0

0.0 * 0,0
0.0 $ 0.0
0.0 $ 16.5

0.0 • 0.1
:_)0_70.4 4, 0.0

OeO $ Oel

0.0 • 5.6
o.0 $ o.o

0,0 $ 75.1
0,0 $ 0,1
0.0 $ 11.2
0.0 * 0.1

12941,0 $ 0,0
0.0 * 0-0
0.0 * 0,3

0,0 $ 3,9

0,0 $ 48,4

0,0 $ 0.3

0.0 $ 0,1
12510.6 * 0,0

13._ $ (_.41

0.0 * 0,1

0,0 * 2.3
0.0 * o.o

0,0 $ 42,3
0,0 * 0,1

O,O * 0,1

0.0 * 0.0
0.0 • 16. ;?-

0.0 $ 0.0

0,0 * 0,7
o.o $ 0._

0.0 # 1.I

0,0 * 0,1
0.0 * 0.2
_.0 $ 7.q
0,0 $ 1.3

0*0 _ 0*3

2096,6 $ 0.0

• 0,0 * (J.O

0,0 * 0,2
0,0 * 0,1
D.l_ $ 16.9

0,0 * 1,7
0.0 $ 0.4

0_,0 * D_,.L

5011,1 * 0,0
0,0 $ 0,0
O.O q' 1.8



55 CIRC •

56 WB

58 NB ADJ •

59 ADJ ,I,

I_O rIB

6| SLEW EOS CAPTURE ST

62 NB COS CAPTURE ST

6:3 CONTINGENCY J.T( i_

TOTALS

4884,9

3325,4 • O,O t 3324,8 • O,O

332.4JB t D.D i _324xL_ a_O

3324.7 • 0,0 • 332_,5 • O.O

3324,5 • OeO • 3319.2 • OeO

3316.8 • 0.0 * 3316.T • 0,0

3316.7 • 0,0 S 3314,4 • OeO

3314.1 # O.G _ 3173.2 _ 141-2 S

54830,3

0,0 • 3325,4 * 1559,.5*-- 0,0

0,6

0.2

5,3

2,4 ....

0,1

2,2

277.3

.C)

TUG DELTA-V BUDGETr!
i,..-i

r

r

i

10I 14
t

__ 19

23

28

33

•_ 37

CnNFIG. CONCEPT n 3].0R_-3A

I--STG DEPL 1 PL !N GEOS

ST THRUST

PO!

MCC

TOI

MCC

MOI

MCC

THRUST FR PL

T0I

DV MAIN OV APS

¢" 0.0 _ 0,0

4¢ OeO _ |3,C _,

3883.0 _l, 0.0

* 0,0 * 12,0.

5848.0 • 0-0

4, 0,0 _. 18.0

,I, O,O * 10,0

5839,0 _' 0.0
42 NCC

51 MCC

55 CIRC

59 ADJ

0.0 • 18o0

= 386__, O ,I, 0.0

0,0 • 12.0

4182,0 _= 0,0

O,0 _' 12,0

63 CONTINGENCY 1,7(

TOTALS

473,5 • 0.0

_8_25e5 95,0

PAGE r,.3- R_,
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TUG WEIGHT HISTORY

CONFIGo CONCEPT 0 310RE-3&

I-STG DEPL _ PL IN GEO$

WT BEF DLT PAY WT AFT PRO-MAIN PRO-APS

1 ST THRUST

2 NB RELEASE ST

4 SLEW IMU POl

5 NB IMU POI

6 P0I

• WB

8 SLEW MCC

9 NB Mcc

10 MCC

11 W8

12 SLEW IMU TOI

13 N8 IMU TO[

14 TOI

_5 FC REACT ¢ MPS VENT

16 WB

17 SLEW MCC

18 NB MCC

19 MCC

20 WB

21 SL_W TMU MOT

22 NB IMU M0I

23 MOl

24 FC REACT ¢ MP_ VENT

25 WB

26 SLEW NCC

27 NR MCC

28 ....

29 _B

_0 _LFW DEPLOY

31 NB OEPLOY

32 DROP PL 1

33 T_RUST FR PL

34 W8

35 SLEW IMU POI

36 NB IMU POl

37 POI

• 38 WB

_q SLEW ADJ

40 NB ADJ

41 APOGEE &DJ

42 WB

43 SLEU AOJ

44 NB ADJ

45 PHASE ADJ

45 WB

47 SLEW MCC

48 NO MC_

49 MCC

50 WB

51 S_W IMU MOI

52 NB IMU N0I

53 MOI

___5_4__WB

63777.0 W_ 000 • 6377700 • 000 • 000

• 6377700 WW 000 * 6377700 * 000 t OeO

0_77700 • 0,0 _ 6377(_,g • 000 • 0.0

• 637760; = 000 _ 6376004 $ 000 • 1.6o5

6376004 $ OeO t 6376003 Wz 000 _ 001

t 637E003 * 0.0 _ 43189.9 • 20570.4 • 0.0

• 43189*9 • 0.0 WW 4318908 • 000 • 001

• 4318908 • 000 • 4318402 • 000 t 506

4318_02 • 000 • 4318402 * OeO _' 0o0

• 4318_.2 * 000 • 4310900 t 0.0 t 75ol

$ 4310900 • 000 • 4310900 • 000 • 0ol

431_9o0 • 0.0 Wk 43007.8 W, OeO • 11.2

4309708 • 000 =1 4309707 "_ 000 -'* 0oi

43097o7 WW 000 _' 3015607 * 1294100 WW 000

,I, 30156_7 • De0 • 3011407 $ 0.0 • 000

3011407 _' 000 W, 3011404 $ 0.0 W_ 003

t 3011404 _' 000 _' 3011005 • 000 • 309

• 30110.5 * 0.0 * :30110.5 * 6.0 * 0.0

• 3011005 * 000 • 3006201 * 0.0 * 4804

'_ 3006201 * OeO • 3006108 * 000 * 003

• 30061.8 * 0.0 * ]ODS4.O • O.O * 7.R

3005400 * 000 * 3005309 * 000 V O.l

$ 3005309 * 000 ww 1755302 * 1250007 • 000

• 1751102 * 000 * 1751101 * 000 * 0ol

• 1751101 • 000 * 175C808 * 000 • 2o3

1750_.8 * 0.0 * 17508.R * O.O * 0.0

• 175C808 * 0;0 * 1746606 * 000 • 4202

1746606 $ 000 * 1746605 * OeO • 0ol

$ 17466-S $ O.O t 17_64.3 • (}.O _z 2.3

1746403 • 000 _ 1746402 wk 000 • 001

1746402 * --236102 * 1510300 • 000 * 000

• 15103.0 * O.O * 15082.8 * 0.0 • 20.2

• 1508208 * 000 * 1508102 * 000 * lo6

• 1508102 * 000 * 1508004 * 000 w_ 008

8 15080._ * 000 • 15080.3 * 0.0 • O.O

• 1508003 * 000 * 1483609 * 243.5 * 000

_' 1483609 * 000 * 1483303 * 000 • 306

• 148-13.3 * O.O * 14832,g * 000 * 0.4

1483209 * OoO * 14832o8 * 000 _' 0ol

1483208 • 000 * 1483008 * 0,,0 * 200

$ 14_0-_ • O.O * 14827-3 * 0.0 • 3.5

W_ 1482703 • 000 * 1482609 • 000 _' 004

¢ 1482609 * 000 * 1482608 * OeO • 0,.1

• 1482608 * 0.0 * 1_402_0_o8 * 000 * 000

• 1482608 * 000 * 1482105 * 000 * 503

• 1482105 * 000 * 1482101 * 0.0 * 004

• 14821ol * O.G * 1482JL.1 $ O.O _ Ojzl_

• 1482101 * 000 * 1482101 * 000 * 000

• 1482101 * 000 • 1481904 * 000 * lo7

• 1_,eJ,_9.4 * 0,0 * 1_._1._..5 * 0.0 * 0,_

• 1481805 * 000 * 1481805 * 0.0 • 0ol

• 1481805 * 000 * 1457903 • 23902 * 000

3__JL4579J.3___ .... 0.0__• .. 1457902 _•. ....... 000. • ........ 0.0 .....



55 SLEW CO_ * .14579,2 * 0,0 * 1457808 *

56 NB CORR * 14578,8 * 0,0 * 14578,8 *

........ 5_ ..CORRECT ......... * ...... 1.4LST._,dS._ ........ 0..,_._.__.IL_ST_,B * ..
58 WB * 14576,8 * 0,0 * 14576.8 *
59 SLEW DEPLOY * 14576,8 * 0,0 $ 14576,4

6Q _NB.DEPLO¥ ....... * ...... 2457-6__._ ......... 0_J____ .... _45_6,3 * ._

61 DROP PL 2
62 THRLST F_ PL

64 SLEW TMU T0!

65 NB |MU TO|

..... 66 _ T0I .......

67 FC REACT & MOS VENT

68 wB

. . 69..SLEW MCC
70 N* MCC

71 mCC

._ 72-WB
73 SLEW TMU DOT

74 N_ POI

_ 7_..PO; ....

7_ _C REACT 8 MPS VENT

77 WB

_ 76 SLEW MCC
7g NO _CC

80 MCC

._ 81 wB

82 SLEW IMU CIRC

83 NB CIRC

84. c!_c

B5 WB

* 14576,3 t -2361,2 * 12215.1 *
* 12215,1 * 0,0 * 12198,R *

..... * .... 12.19(].L_ __ ....... 0__. )..... 12192, 3 *

12192=3 * 0,0 * 12191,6 *

* 12191,6 * 0,0 * 12191.4 *

*_ .._1219-LL__* .... 0_O _ __126,4 *

* 7126,4 * 0,0 * 70R4.4 *

* 708404 * 0*0 * 7082.6 *

*_ ___Q_87..,_:_(I * ..... Oo_O * .... 7082.,4 *
* 7082,4 * 0,0 * 7082,3 *

* 7082,3 * 0,0 * 7065.2 *

* .... .70.155 - 2_.*_ ........... Q.,0 • .... 7063., 5

* 7063.5 * 0.0 * 7062.1 *

* 706301 * 0*0 * 706209 *

* 4950,8 * 0.0 * 4908,8 *

* 4908,8 * 0.0 * 4897.5 *

* _4897,5 _* O,_O * 4897,4 *

* 41,Rq7._4 * 0,0 * 4897,2 *

* 4897.2 * 0*0 * 4889,2 *

* 48P_.9)3 * (_,0 * 4888,I *
* 4888.1 * 0.0 * 4887.8 *

* 4887.8 * 0,0 * 4887.5 *

* 46e7,._. * _ 0.0 0 3___27,2 *

* 3327.2 * 0,0 * 332606 *

e 86 SLEW _CC * 3326,6 * 0.0 * 3326.5 *• 87 ...... N_..MqC ..... , .... _26.___5.* ...... 9,0._ ...... _6.._ *
88 AOJ * 3326,3 * 0,0 * 2321,0 *

89 WB * 3321.0 * 0,0 * 3318.6 *

.... 90 SLEW E0S CAPTUR_ ST * 3318,¢ ) 0,0 ) 3.318.5 *

g] N8 CAOTU_E * 3318,5 * 0,0 * 331602 *

92 CONTINGENCY 1.7( * 3316.2 * 0-0 * 3173.2 *

--- " TOI"AL$ ....

0.0 * 0,4

0.0 * 001

0.0 * 000
0,0 * 004

0.0 $ 0.1_

0.0 * 000

0,0 * 1604

0J0 $ 6,4.

0.0 * 007

0.0 * 002
5065.0 * 0,0

0.0 * 0.0

_).0 * 108

0.0 * _0,2
0,0 * 0,1

0.0 * 17.1

rJ.O _ 107

0,0 * 0.4

0.0 * 0.2

2112,_ * 0,O _.

0.0 * 000

0.0 * 1103

0.0 $ 0.1

000 * 0.2

900 * 7.g

0,0 * Z.3
0.0 * 0.3

0.0 * 0.3

1560,3 * 0,0

0.0 * 006

0.0 * 0.1

.0.0_ * .... 0.__

0.0 * 5.3

000 * 2.4

0,0 * 0.1

O.O * 202

14300 * O.O

• ******* ********

55375,2 338*0

t ............................................................................



V

r -1

TUG DELTA--V BUDGET

cc_F___[_o concepT, o__.... 3101_E-_ .......

V

v

_I_-_..___T____ _._Pl.___Z_._.P_L___I..___._..QL .................

.................................. __O___KAI N ........ D_.__AP_S_ .................................................................................

1 ST THRUST • 0,0 • 0,0

...... _.6 .... _P_g_1........................................... --_..... _ 23.6._l_ __........... _ ....................................................

10 MCC • 0,0 • 13e0

14 TOI • 3883.0 • OeO

___19 MCc ............ • 9__,__9___....... __lZ_,_0_............................................................
23 MO[ • 5eAS,0 _k 0,0

28 MCC • 0,0 • 18,0
33 THRUST FR PL • OtO • ...... 10.0

37 PO! • ITT,O • 000

41 APOGEE AOJ ,Ik 0,0 4t leO

57 CORRECT

62 THRUST FR PL

66 TO t

71 MCC

75 POl

80 MCC

84 CIRC

88 AOJ

92 CONT INGENC__Y LET7(

TOTALS

• 0.0 • 1,0

4' 0,0 • 10,0

• 000 • 18o0

3864.,0 • 000

* O_t_O____*......._ .....................................................

• 4182,0 • 0,0

• 0,0 • 1200

• 479t5 • 0,0

28685,5 107,0

lm,

W

_W

W

,A_: (J.3- _7
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TUG WEIGHT HISTORY.

CONFIG, CONCEPT 0 3AIORE--1

I--STG RETR I PL IN GEOS

WT BEF OLT PAY WT AFT PRO--MAIN PRO-APS

******** ******** ******** ******** ********

1 ST THRUST * 63777.0 * 0,0 * 63777,0 * 0,0 *

2 NB RELEASE ST * 6377?,0 * 0,0 * 63?77.0 * 0,0 *

WB * 6_777.0 * 0.0 * 63776.9 * . 0.0 *

A SLEW IMU POI * 63776,9 * 000 * 63?60,4 * 000 *

S NB IMU _O1 * 63700,4 * 0,0 * 63760,3 * 0,0 *

6 PO! * _760.3 * 0.0 * 43189°g * 20570.4 *

7 FC REACT 8 MPS VENT * 43189,9 * 0*0 * 43168,2 * 0,0 *

8 WB * 43168,2 * 0,0 * 4316801 * 0,0 *

9 SLEW M_ * 43168.1 * 0.0 * 43162.5 * 0.0 *

10 NB MCC * 43162.b * 0,0 * 43162.5 * 000 *

II MCC * 43162,5 * 0,0 * 4309301 * 0,0 *

• _ VR * 45093,| * 0.0 * 43093.0 * 0.0

13 SLEW IMU TOI * 4309300 * OeG ¢ 43001=8 s 0,0 *

14 NB IMU TOI * 4308108 * 0,0 * 43081,7 * 000 *

0,0

0,0

0.0

16,5

0,1

0.0

0,0

0.1

5.6

0,0

69o3

0.1

1102

001

15 TOI * 4_Q81,7 * 0,0. * 30145,5 * 12936,_ *

16 FC REACT 8 MPS _ENT * 3014505 * 000 * 30123,8 * 0,0 *

17 WB * 30123,8 * 0,0 * 30123,5 * 0,0 *

18 SLEW MCC * 30123.5 * 0.0 * 30119.6 * 0.0

19 NB MCC * 30119,6 * 0,0 * 3011q06 * 0,0 *

20 MCC * 30119,6 * 0,0 * 30075,2 * 0,0 *

21 w8 * _On?s.2 * 0.0 * 30_Q_7_5_,____ 0.0 *

22 SLEW IMU MOI * 30075,0 * 0,0 * 3006702 * 0,0 *

23 NB IMU MO[ * 30067,2 * 0,0 * 30067,0 * 000 *

2_ MQ[ _ ]0067.0 * o.0 * 17560.Q * 1_506._ *

25 WB * 1756009 * 0.0 * 1756008 * 0.0 *

26 SLEW TRACK * 17560,8 * 000 * 1754904 * 0,0 *

2? NB TPACK _ 17549.4 * 0.0 * 17547.6 * 0.0 *

28 TPl • |7547.6 * 0,0 * 17499,3 * 48,_ *

29 SLEW TRACK * 1749903 * 0,0 * 17487.9 * 0,0 *

]0 NB TRACK . 174R7.9 . 0.0 , 174RR.7 * 0.o *

31 MCC * 17486,7 * 0,0 * 17486,5 * 0,0 *

32 SLEW TRACK * 17486,5 * OoO * 17475.2 * 0,0 *

33 N_ TPA_K * 17475.2 * 0.0 * 17473,1 * 0.0 •

34 TPF * 17473,1 * 000 * 17391,3 * 0,0 *

35 SLEW OOCK * 17391.3 * 000 * 17368,8 * 0,0 *

_ NB DnCK * 173_R.R * "O.B * 17_7.1 _ 0._ *

37 OOCK PL 1 * 17367,1 * 0,0 * 1734_,5 * 000 *

38 ADO PL I * 17348,5 * 1600,7 * 1894902 * 0,0 *

39 WB ... * 1R949.2 * 0.0 * 189_7,2 * 0.0 *

40 SLEW IMU TOI * 1_947,2 * 0,0 * 18942,3 * '0,0 *

41 NB IMU TOI * 18942,3 * 0,0 * 1894201 * 0,0 *

4_ TOI * 18942.1 * O._ * 11_72._ * 7R_9.7 *

• 3 FC REACT 8 MPS VENT * 11072,5 * 000 * 1105007 * 0,0 *

44 WB * llO_O,T * OeO * 11049*9 * 0,0 *

45 SL_W MCC * 11049,9_* 0.0 * 11_48.5 * 0.0 *

46 NB MCC * 11048,5 * 0,0 * 1104804 * 0,0 *

4? MCC * 11048.4 * 0,0 * 11021,8 * 0,0 *

.. 48 WB * 11021.8 * 0.0 * !I021.0 * i 0-0 *

49 SLEW IMU POI * 11021,0 * 0,0 * 11018,2 * 0,0 *

50 NB IMU _01 * 1101802 * 0,0 * 11018.0 * 0,0 *

51 PO[ * 1|_1_1m0...* 0°0 * 7_23._L*____3.2.9__,L*

52 FC REACT 8 MPS VENT * 7723,1 * 0,0 * 7701,4 * 0,0 *

53 WB * 7701,4 * 0,0 * 7700.8 * 0,0 *

________4__SJ.__M_.£_ ' .__ ?_7_0_8_* ..... O.Q_*--_._6gQ.8._ ..... Q.O * .......

000

0,0

0,3

0,0

44,4

• 0.3

7.8

0.1

0.0

0,1

11,4

1.8

0,0

0,2

11.3

2.1

8107

2206

1.7

18,6

0o0

2.0

4,9

0,1

0,0

008

1.4

0,0

26.6

O•R

2,Q

0*1

0,0-_--

0,_

0,_

l.O



5_ NB MCC

56 MCC

58 SLEW IMU CIRC

59 NB IMU CIRC

._.__._Q.___£.IRC__

7699e8 • OeO • 7699,8 • OeO • 0.1

• 76gge8 • 0,0 • 7687,4 • OeO $ ]2e4

.... _..--'L..---?6E7,6_$ ............ 0,0______7_86,9.-$--.-0,0--$ 0,5--..--

• TBB6,% • 0,0 • T684,9 • OeO • 2o0

• T68_,9 * 0,0 * 76flAe7 • 0,0 * 0,|

___76£4,?.__ .... 0,0______523|,4 .e ..... 2&53,3. e ......... OQO -

61 WB •

62 SLEW ADJ •

6] NB ADJ •

66 AOJ •

65 WB •

__OS CAPTURE ST •

6? NB CAPTURE •

68 CONTINGENCY 1.7( •

5231,4 • 0,0 • 5231o1 • 0,0 • 0._

5231,1 • OoO _ 5230,5 • 0,0 • 0,7

5_3_j5 • OmO # 52_0_L4__._ 0.0 _ 0-1

5230,4 • OeO • 5222,0 • OoO • 8.6

5222,0 • OoO • 5220.9 • 0,0 • 1,1

522_,9 • 0.0 • 5220-2 • O.O • 0.7

5220,2 • 0,0 • 5219,2 • OoO • 1,0

5219,2 • 0.0 • 4996.6 • 222,6 • 0.0

TOTALS 5990|,6 392,4

C i>

TUG DELTA-_ BUDGET

cnNEJCu_CF_pT 0 _ 31ORE-3A

|--STG RETR 1 PL IN GFO_

DV NAIN

I ST THPUST • 0,0 •

6 POI • 42 ] 6 tO_ m

It MCC • 0,0

15 TOI • 3883,0 •

2Q MCC • ¢_,0 •
24 MOI • 584B,0 •

28 TPl _ 30.0 •

31 MCC • 0,0 •

DV_._.AP S

0,0

OoO

12,0

0,0

11,0

0o0

OoO

O.l
34 TPF _ 0.0

37 DOCK PL 1 • 0,0 •

42 TOI • 58"19JLO *

47 MCC • 0,0 •

51 PDl • 386n.0 •

56 MCC • 0,0 •

35,0

8,0

0.9

18.0

0,0

12.0

60 CIRC • 4182,0

64 ADJ • 0,0 •

68 CONTINGEN__Cy__._I_7( • 474.0 •

TOTALS 28356.0

PAGE _.3- C9
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12.0

0.0

108,1



PAGE 6.3- 90

TUG WEIGHT HISTORY

CONFIG. CONCEPT O 3AIOi_E--|

I-_;TG RETR 1 PL--DKS IN _(]S

wT BEF

********

OLT PAY WT AFT PRO-MAIN PRO--APS

******** ******** ******•* *******.*

1 ST THRUST

2 NB RELEASE ST"

4 SLEw [MU POl

S NB IMU POI

,,, _ P_|

7 FC REACT _ NPS VENT

8 WB

9 SLEW MCC

10 NB MCC

11 WCC
_M w_

13 SLEW [MU TO[

14 NB IMU TOt

15 tOl

|6 FC REACT G MPS VENT

IT wB

|8 SLE_ WCC ..

%9 NB NCC

20 WCC

21 WB

22 SLEW IMU HO[

23 NB IWU HOI

24 H_I

25 WO

26 SLEW TRACK

_T NB TRACK

28 TPI

29 SLEW TRACK

3n NB TRACK

3| MCC

32 SLEW TRACK

]] NB TRACK

34 TPF

35 VB

56 SLEW DOCK

37 NB 00CK

38 DOCK PL 2--DKS

39 ADO PL 1--DKS

40 WB

41 SLEW IMU TOI

_ 42 NB IMU TO]

43 TOI

44 FC REACT ¢ MPS VENT

4s vO

46 SLEW MCC

47 NB MCC

48 MCC

49 VO

50 SLEW IMU POI

_1 NB IMU _OI ...

52 POI

S_ FC REACT 8 MPS VENT

.__.%4_..__

637?700 * 000 *

• 6377700 * 000 *

4, 63776,9 * 000 *

637?609 * 0.0 *

6376004 * 000 *

• 63700.3 *. 0,0 *

• 43357.0 * 000 *

4, 4333900 * 0.0 *

• 43336,_ * . 0.0*

4333303 * 000 *

• 4333303 * 000 *

• 4326307 * OeO *

43263.6 * 000 *

• 43252*4 * 000 *

• 43252.3 * 0w0 *

• 3038408 * 000 *

• 3036608 * 000 *

• 30366.7 * . . 0.0.*

,1_ 3036207 * 0.0 *

30362.7 * 000 *

9 ]0]13.Q *.. 0.0 •

• 3031308 * OeO *

• 3030600 * 0,,0 *

t 303,06-O * o.n •

• 3026504 * 000 *

• 3026503 * 000 *

. 30245.6 * 0.0 *

• 3024102 * 0_0 *

• 30]S709 * 000 *

4k ]01_31_.':3 . n.ID .

• 3013608 * 0.0 *

• 3013604 * 000 *

• 30116.9 * 0.0 *

• 30115°4 * 000 ¢

• 2997405 * 000 *

• _997A.2 * 0.0 *

• 29935*3 * 0.0 *

• 2993501 * 000 *

• 29903.1 * 16373.1 *

• 4627602 * 0*0 *

• 4627509 * 000 *

• 46263,9 * O.O *

• 4626308 * 000

• 418G903 * 000 *

• _179103 * 0_0 *

• 4170103 * 000 *

• 417_5°8 * 000 *

• 41785.8 * O.Q *

• 4176900 * 000 *

• 41769.0 * 0.0 *

• 41758,2 * OtO *

• 41758.1 * 0.0 *

• 29830.2 * 000 *

63777.0 * 0.0 *

6377609 * 0.0 *

6377609 * 0.0 *

63760.4 * 0.0 *

6376003 * 000 *

4_]$7.0 * 2046].2 *

4333_.0 * 000 *

4333809 * 000 *

4333_.3 * 0.0 *

4333303 * 000 *

4326307 * 000 *

4_Z_].6 * O.o *

43252.4 * OiO *

43252.3 * 000 *

30_84.0 *.. 12_07,_ *

3036608 * 000 *

3036607 * 0.0 *

3036_.7 * 0.0 *

3036207 * 0.0 *

30313.9 * OeO *

_0313,B * 0.0 *

30306.0 * OeO *

3030600 * 000 *

30265.3 * 0.0 *

3024506 * 0.0 *

]0241,2 * 0.0 *

301S709 * 63.3 *

3013803 * 0.0 *

30136.4 * 000 *

3011609 * 000 *

30115.4 * O.O *

2997405 * 0.0 *

29974.2 * 000 *

• q9_5.3 * O.O * "

2993501 * 000 *

2990301 * 000 *

4_276.2 • 0.0 *

46275.9 * 000 *

4626309 * 000 *

462630_ * 0.0 *

4180903 * 445406 *

4179103 * 000 *

41791e_ *.. 0.0 *

4178508 * 000 *

4178508 • "000 *

41760,0 _ "O.O *

4176900 * 0.0 *

4175802 • 0.0 *

4175_.I * 0.0 *

29_3002 * 1192709 *

29812.2 * 0,0 *

__1L-.29812.2_* ..... 000.-.*- 2981200._ ....

000

0.0

O*O

1605

0ol

0.0

0.0

001

5.6 .

000

6906

001

11.2

0.1

000

0.0

0.1

3.q

000

4808

: 0.1

1'.9

0.0

0.1

1906

4.s

000

1906

0.4

1905

1.=;

140.9

003

_R.q

0*2

3201

0.0

0*3

1200

0.0

000

000

0.0 ,

5.4

0.0

16*R

OoO

1008

0.1

000

O.O

000 ..I ........... 001 ....



55 SLEW MCC

56 NB MCC

57 K_C

58 WB

59 SLEW IMU CIRC

60 NB IMU CIRC

61 CIRC

62 WB

* 2981200 4, 0.0 * 29808,1 _'

* 29808.1 '_ 0.0 4, 29808,1 *

_' 29.8_08,1 * (l* *0-_-_9_7.60,2 *

* 2976C.2 * OeO * 29760.1 *

4' 297_001 4, 000 4, 2g752.4 '_

* _9_7_52J_4___, 0.0 4, 29_752.3 _,

_1, 29752.3 * OeO ,1_ 2033908 *

4' 20339.8 * 0,0 ,I, 20339.1 *

6] s_Dj

64 NB ADJ

65 ADJ

60 WB

67 •SLEW EOS CAPTURE ST

68 NB EOS CAPTURE ST

69 CONTINGENCY 1,7(

* 20339.1 _ 0.0 4, 20.'_36j_fi *

* 20336.5 ,_ 0.0 * 20336.5 ,_

* 20336.5 _, 0,,0 * 20303,8 *

* 203(_3.8 * 0_(_303.2 *

iw 20303.2 _' 0,,0 ,I, 20300,,5 *

,k 20300.5 ,_ 0.0 ,_ 20300.3 *

ww 20_OOt_ 4, 0.0 '1' 197_7_09o2 ,_

TOTALS

0.0 II, 3.9

OeO _, 000

0.0 q, __Z. 9__

0.0 _, 0.1

0.0 _, 7.7

OJO q, O.L__

9412.5 • 0.0

0.0 4, 0.6

0.0 4, ?.___

0.0 _, 0.0

0,0 _W 32.,7

0.0 _, OiL

000 4, 2.6

0,0 * 003

53JL, I * 0_, O___

59680,2 62806

TUG DELTA-V BUDGET

DV MAIN nyJp_

1 ST THRUST # 000 • 0.0

0 POI • 4194.0 • 0,0

II MCC * 0.0 * 12.0

15 TOW t 3840.0 * 0,0

20 MCC * 0,0 * 12.O

24 HOW _ 000 * I0.0

28 TPI • 30.0 t 0.0

3_ MCC * 0.0 * 0.1

34 TPF _ OeO • 35.0

38 DOCK PL I--OKS • 000 * 800

_} TOl * ILO.J,_,_O * 0.0

48 MCC * 0,0 * 3,0

52 POl t 365_.0 $ 0,0

57 MCC * 0.0 * 12,0

61 CIRC * 413600 * 0,0

65 AOJ _ 000 * 1200

, 69 C_NTINGENCY 1,7( * 2e_OJ_ * 000

TOTALS 1724703 lO4el
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_UG HJ]CET EISTO_Y

CGgFIG. CC_CEE_ : 31ORE-3A

I-$TG DEE1 1 Pl I_C GECS, RETE I EI

¢

6
7
8
S

10
11
12
13

2 HE _ILIA_E $I
3 gO

S[E5 ]RU ECI

NE ]NU POI
ECI
_C 6tlCT & MPS V_N_I

gT B_I = DLT PAY gT AET
******** ******** ********

* 637"/7T0- * 0TOT--63777 _0-*-
* 637'_?.0 * O.O * 63777.0
* 637'_?.0 * 0.0 * 63776.9 *
* 637-76,9 * 0.0 * 62760,-_ *
* 637_C._ * 0o0 * 63760.3 *
* 63760.3 * 0.0 * 43189.q *
* _--..T1-Sg.9 * O_O--*----q 31 tl 9_ • *

0.0 * t431149.J *
0.0 * U31tI3.7 *
0.0--_--431L, 3;. 7 *
0.0 * _3068.6 *
0,0 * q3068.6 *

* _30.c_.q * 0.0 * 43057.3 *
* _30_7.3 * 0.0 * 301_E.4 *

* 30087.9 • 0.0 * 30087.6 *
* 300_.6 * 0.0 * 30083.7
* 30063,7 * 0,0 * 30083,7-*
* 30083.7 * 0.0 * 3003-=.q *
* 3C03E._ * C.0 * 30035.1 *
* 3 (;_,1--* 0_0--*--30027 _3- •
* 30017.3 * 0.0 * 30C27.2 *
* 30027.2 * 0,0 * 17537.6 *
* 175._T, 6--* C; 0 * 1 7535; 5
* 17535,5 * 0,0 * 1"/_26,6 *
* 175_E.6 * 0.0 * 17528.5 *
* 17_28.5 * O. 0--,1_17q 8 6-. 3-*
* 17_66-.3 * 0.0 * 17qEq.2 *
* 17_E_.2 '_ 0,0 * 17q81,9 *
* 17:_.9 * 0.0 *--17_81.8 *

gB
$IEE ECC
_E BCC
BCC
gE
SL_W IMU TOI

• _13lqC.. q, •
• q31q9.3 _,
• q,21413.7 .;"
• q31 q3.7 *
• _,3068.6 *

111 gB IEC _CI
1_ _01
lb _C E]_ACT 5 ME5 V_B'Z
17 gO
18 SLEg 8CC
19 RB ECC
2 C BCC
21 gE
22 'sl_ LJZ_ _ 8CI
23 _E IMC EOI
2q MOI
2=-. gB
26 CLIt_ _CO
27 _E _[J
26 ADJ AE_ EE -c. _D
29 _E
30 SIEg DEEEC¥ _L 1
31" BB DE E_-C¥ EI. 1

PRO-BAZN PRO-&PS
******** ********

0_.0 * 0_0_
0.0 * 0.0
0.0 * 0.0
O.O * 16.5
0.0 * 0.1

20570.q * 0.0
0¥0 * 0,;0 _
0.0 * O. 1
C.O * 5.6
O.O '* u_-O--
0.0 * 75.1
0.0 * 0.1
5_-0 * 11.2
0.0 * O. 1

1292e.9 * 0,0
O.O s O.O
0.0 * 0.3
0.0 * 3.9
0.0 * 0.0--
0.0 * _8.3
0.0 * 0.3
0.0 * 7.8
0.0 * 0.1

12u,89.6 * 0.0
0 ;-0--'_ 2.1--
0.0 * 6.8
0.0 * O. 1
c.O * q2.2

0.0 * 2,3
G.O * 0.2

3_ _CE EL 1
33 THSUST FS El 1
3q WB
35 SL_g IMU POI
36 N8 IEC ECI
37 _CI
38 gE
3S _IEE ADJ

_1 AfCGE_ A_J
_2 E_
_3 SL_g _EJ

&5 PHAEE _DJ
u_ ME
_7 $1E_ _CC

* 17q61.8 * -1096,3 * 16385,5 *
* 16365,5 * 0,0 * 16363,5 *
* 16363.5 * 0.0--*--1635q_,0*
* 1636q.0 * 0.0 * 16353.1 *
* 16353.1 * 0.0 * 16353.0 *
* 16_53_-0--* _,;0-*-- 16278,0 * --
* 162"J6.0 * 0.0 * 16274,7 *
* 1627q,7 * 0,0 * 1627tI,3 *
* 1627q.3 * O.O * t627tl;2-*
* 16274.2 * 0.0 * 1627v,.1 *
* 1627_,1 * 0,0 * 1627C,9 *
* 1e2iC.g-* 0;0-*--16270,5 *--
* 16270.5 * 0.0 * 16270,_ *
* 16270.4 * 0.0 * 16_70.3 *
. I627 C-;3-"t 0;0-*--16265;5 *----

* 16265.5 * O.C * 16265°0 *

0.0 * 0.0
0.0 * 21.9
0.0 * "J.5
0.0 * 0.9
0.0 * O. 1

75;0-* 0;-0--
0.0 * 3.3
0.0 * 0._
0.0 * 0.0
0.0 * O. 1
O.O * 3.2
0;0--* 0 .-_--
0.0 * 0.0
C.O * 0.1
0.0-* g,; 8--
0.0 * 0. tl

0,0
--0.;1--

1,6
0.9
0.-1 --
0.0
2,2

_8 NE MCC
---_ECC

50 VB
51 SIEW IMU MOI
82 Bu'r_-M-CI
53 ECZ
5_ SLEW TRICK

* 16265o0 * 0.0 * 16265.0 * O.O *
* 1626_.0 *- ...... 0.0 * 1626_.9 * ---0,0-*
* 1626_.9 * 0.0 * 16263.3 * 0o0 *
* 16263.3 * 0.0 * 16262._ • 0.0 *

16262;_1 O; 0-_--16262.3 * 0;0-*
* 16262.3 * C,O * 16187,7 * 7q,6 *
* 16169.7 * 0.0 * 16185.5 * 0.0 *



55 N8 qBACE
56 IF]
57 SLEW _EACK

5S _CC
60 SLEW _EACK

* 16185.5 ,_
* 16182.7 *
* 16136.1 *
. 1613._..c ,
* 16133.0 *
* 16132.8 *

0.0 * 16182;7 _ ...... O;O-i
0.0 * 16138.1 * 44.6 *
0.0 * 16135.9 * C.O *
0_.0--_--16133 _0"-_----0 .-0"-*
0.0 * 16132.8 * C.O *
0.0 * 16130.6 * 0.0 *

2;9
0.0
2.2
2; 9--
0.2
2.2

6 1 NI_--'I F_C I'(
62 _t
63 WE
64 _LEt'---_-C-CK
6 =. NE ICCR
66 DCCK iL

--"--6_---AD D- [:I-2
68 WE
69 SLEW :FMU _0I
/(. t_B--I ? t "ZcI
71 TC'r
72 FC BEAC_ 6 EIS V!:NT

*-- fe'13G.E -w
* 161.;7.4 *
* 160.=1.9 *
, 16051-; 7 *
* 16047.4 *
* 160_3.0 *
,_--160 ._978- *---
* l"Jl_E. 1 *
, 191;3.9 .o
, 1 ? 119;-q_,
* 1911c.3 *
' 1COCE.9 *

0;0 *---16127._,-*
0.0 * 160.=1.9 *
0.0 * 16051.7 *
o¥0--_--16 Cq7 .;4--*
0.0 * 16C47.0 *
0.0 * 16C29.8 *

1096;3-*---17126 ; 1-*
0.0 * 17123.9 *
0.0 * 17119.4 *
0;-0--*--17119 ;-3-"
0.0 * 100C6.9 *
0.0 * 9966._, *

0,-0 -* ......... 3.2 ---
(3.0 * 75._
0.0 * O. 2
0;0--* 4;4 .....
0.0 * 0.4
0.0 * 17.2
0,;0 -* ..... 0.0
0.0 * 2.2
0.0 * q.4
C.-0- * 0 ;2---

7112.14 * 0.0
0.0 * 0.0

73 WB
74 SLEW MCC
7.= NE ?co

77 WE

80 FCI
81 FC _EACI _ BIS VENT
e2 WE
83 SEEW MCC

64 NE _CC

*--9966.-_ * (_,9-
* S9(5.6 * 0.0 * 9964.3 * 0.0 * 1.3
* SgEq.3 * 0.0 * 996_,.2 * 0.0 * 0.1
* 9964 ; 2-* 070-'_--9940.-2--* 0-;. 0 -* 2a--O ....
* S9qC.2 * 0.0 * 9939.3 * 0.0 * 0.9
* 9939.3 * 0.0 * 9936.7 * 0.0 * 2.6
* 9936.T-* 0.0-*--9936.6 * C-.-O • 0.2--
* _.936.6 * 0.0 * 6965.1 * 2971.5 * 0.0
* 6965.1 * 0.0 * 6924.6 * 0.0 * 0.0

* 69-_/-6--_ O.O * 6¢.24.-0--_----0.-Q--*--0-.6 _ --
'_ E9;q.C '_ 0.0 * 6923.1 * 0.0 * 0.9
* 6923.1 * O.O * 6S23.0 * 0.0 * 0.1

85 HCC * _-9-23,_0 * -0-;0--_----6S11.-9 * G,O * 1+1.1 ....
86 tie ,I. 6911.9 * O.O * 6911.3 * 0o0 * 0.6
8') =¢161 IPE CIBC * 6911.3 * 0.0 * 69C9.5 * 0.0 * 1.8
88 NI._ IB-O--CI_C * 69-Cg_-.5--_- C.O * 6969,-3--,_ 0.-0--* 0%2----
ES CIBC * 69CS.3 * 0.0 * q703.5 * 2205.8 * 0.0
9¢ IE * q.703.5 * 0.0 * q"/G3.3 * C.O * 0.3
91 S].EW A£J * _17C3.3 ,_ 0--0-* .... _702.,7 * 0.0-* 0.6--
S2 NB ADO * 4702.7 * 0.0 * 4902.5 * 0.0 * 0.1
S3 ,_EJ * _702.5 * 0.0 * 4695.0 * C.O * 7.6

94 W_ * "_E5_-._m-: n_=O--*---b,69_..5 * 0_0 * 0;5--
95 .¢IE_ ECE CA_IUBE ST * 469_.5 * 0.0 * 4693.8 * 0.0 * 0.6
96 NE C?PTURE * q6c.3.e * 0.0 * 4692.7 * C.O * 1.1

CC_I_GEI_C¥ _-_% * 4b'S2.-7 * 0_0 * 4491.9 * 200.-8 *-.... 0.0---
******** ********

TOTALS 58673.5 qq9.

0;0-*---9965;6--= ......... C.-O-_
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t

_OG DEITA-V EUDGE_

CCBFIGo CCBCEPT : 310RE-3A

I-STG DE_I 1 pi IN_C GECS, EETR I El

1 S_ "IH 5 C5'Z
6 FOI

...........-11 F.CC

_, 15 TO1
20 HCC

........ 24 _CI

_, 28 Al:a _ES FEB NOI:
33 TE_US'[ _E PL 1
3"/ I;CI

v ql AECGEE _.l:a
_5 FHAEE A_a

........ Li9 MEC
- g3 MCI

56 _PI

...... 5g- H C C

_. 62 "ll_F
66 ECCK PL

'71 'ICI
76 HCC

80 ECI
........_5 -:_cc

89 CI_C
_3 ADa

......... _7 CCN_ING_NC¥ 1.7_

TGTALS

DV BlI_ CV IPS
******** ********

, 0.0 * 0.0
* tl23(_. 0 * 0.0
-_ 0.0 ') 13.0
* 3883.0 * 0.0
* C.C * 12.0
* 5848.0 * 0.O
* C.O * 18.0

* C.O * 10.0
* SO.O ,) 0.0
* C.O * O.O

0.0 _ 0.0
* 0.0 * 0.0
* EC.C * 0.0
* 30,0 _ u.u'_"
* ¢.0 * 0.1
* 0.0 * 35.0

* (_.O * 8.0
* 5839.0 * 0.0
* G.O * 18.0
* 386q. C * 0.0

............ * 0.0 * 12.0
* ql E2.0 * 0.0
* 0.0 * 12.0
* _75.7 * 0.0

2E4E';.'7 138.3

V

W
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PAGE 6.3- 95

TUG WEIGHT HISTORY

CONF IG, CONCEPT 0 . 3 ]-O]_-_J_

I--STG OEPL t PL IN GEQS, NUDG I PL.

1 ST T HI_ U_-r
2 NB RELEASE ST

4 SLEW IMU POI
5 NB IMU P_OI

PO I

7 FC REACT F. MPS _ENT
8 WB
o SLEW MCC

10 NB MCC
11 MCC

12 w_

13 SLEw i_4_ TOI

14 NO IMU TOI
15 TOI

16 FC REACT ¢ MPS VENT
17 WB
18 SLEW MCC

19 NB MCC
20 MCC

:Pt wfl

22 SLEW I.MU MOT
23 N8 IMU W_I
=P4 MOI

25 WB
26 SLEW ADJ,
_)7 NR Ar')J

28 AOJ
29 WB
_lo _LFW n E I=qE

3.1 NB DEI_OV
32 OROP PL 1_
33 THRUST FR PL
34 WB
35 SLEW IMUI POl

36 NB !MU PO I

37 POI

38 W8

39 SLF'W ADJ
40 HB ADJ
41 APOGEE AOJ
4_ W_3

43 SLEW AOJ
44 NB ADJ
45 PHASE ADJ

46 WB

47 SLEW MCC
48 NB MCC

49 MCC
50 rib

51 SLEW IMU' MOI

52 NB IMU MOI
53 MOI

_4 wfl__

tiT 8EF OLT PAY tit AFT PRO--MAIN PRO-APS

q_4.4"4,t4"4,4. 4_4"4"@+4__ • 4"4,4"4"4.4.4.4. 4"4"4"4.•4.4"4" 4._4cq| qt• _
• 6377700 4, 000 4. 6377700 4. OeO 4" 000
• 6377700 4. 000 4. _377609 4, 000 4, 001
4" 63776.9 4. 0.0 $ (03776.9 4" O.Q 4" G.O

110 637?609 4. 000 4. 6376004 4" OeO • 16.5
4, 63760.4 4. 000 4, 63760.3 4" 0o0 4" 001
• 637_n.3 4. 0.1_ t 4031RR.9 4. _OR?O.4 qt 0._
4, 4318909 4" 000 4. 4314E .4 4. 000 4" 000

4= 4314804 4" OeO 4" 4314E03 4t 000 4. Oel
4, 4314_.3 4. 0.0 4. 4314_.7 qf OJ, O 4= _._S
4 431420".' 4. 000 4. 4314207 4" 000 4" OeO
4, 4314207 4" 000 4, 4306706 • 000 4" 7Set
4_ 4"4067.6 • 0.0 4, 430_?.S 4. 0.0 4" 0.1

_--- 4306765 # OeO *' 4_056.4 • 000 4" 11*2
4, 4305604 4= 0.,0 4" 4305603 • OeO $ Oel
4, 43056.3 4" 0.0 • 3012707 • 1292806 4" 000

• 3012707 4. 0.0 4" 3008602 • 0.0 4" 0.0
4= 30086.2 4. 000 • 3008509 4, 0*0 _ 0o3
• 30085.9 • O.C 4" 300S2.0 4. n.(_ _ 3=9

4, 3000200 4* 000 4" 3008200 4" 0,0 4" 000
4 30002.0 4= OeO • 3003307 • OeO 4, 4803
• 30033.1' 4" 0.0 • .'q00033.4 4, O.Q • 8._

• 3003304 • 000 "4, 3002506 4, 000 • 708
q' 3002506 4" 0.0 4, 3002505 • 000 4" 0.1
4r "qo02s._ 4. 0.0 4. 17%_.h 4. t_dLRR._ 4" 0.0

• 17536.6 4. 000 4" 1753605 • 000 4. 001
1753605 4" 000 4" 1753402 4" 04,0 4" 203

4, 17SR4.:_ • 0.0 4. 175034-. "_ 4. f_-f_ 4. 000

4, 1753402 4. 000 4" 17492*0 4. 0.0 4" 4202
1749.2o0 4" 000 4, 1749109 _ 0*0 • 0ol

4, t?Aqlt .9 • 0.0 4. 174_9.6 4. _.h 4. _..'4

4 1748906 4" 0.0 4" 17489*,5 4, 0.,0 • Oel

• 17189*,5 4. --3298.0 4" 1419105 4" 0.,0 • 0*,0
4, 14191.5 4. 000 • 14172.5 4" 0.0 • 19.0

4, 1417205 4" 0.0 110 14172.4 • 0*,0 4" 001
4, 14172*,4 4, O*,Q 4" 1417106 • " 000 4" 008
• 14171.6 • 000 4" 14171.fi 4. O.O • 0.1

4" 1417105 4" 0.(1 4" 1411609 4" 5406 4. 000
• 1411609 4. 000 • 1411302 4" 000 • 307

• 14113.2 • 0.0 • 14112.8 4. 0.0 4. G.4
• 1411208 4. 000 • 1411207 4. 000 4, 001

• 1411207 4. 000 4" 1411206 4" 000 • 001
4' 14112._ • 0.0 4" 14108.9 4" 0._ 4, 3.7
• 1410809 4. 000 • 14108*,5 4. 0*,0 • 0e4

• 141C805 4. 000 4" 1410805 • 000 4. 0.,1
• 1410805 • 000 4. 1410_J.4 4. 0_0 4" 001
• 1410804 4" 0.0 4" 14101.0 • 000 4" 7*,4
• 1410100 4" 000 4" 14100.6 4" 000 4. 004

18, 14100.6 4" 0.0 ,_ 14_1_00..5 4" ,0.0 4, ¢)*,1
• 14100.5 4. 0.0 4" 1410004 4. 0.0 • 0.1
• 1410004 4. 0.,0 • 1409300 4" 000 4. 7.4
• 140_9_3__0 4" 0_0.0 • 1409202_ 4" 0.0 • 0.8

• 14092*,2 4" 0.,0 • 14092.1 4" 000 • 001
4" 1409201 4" 0.0 • 14037*,8 4. 54*,3 4" OeO

,. _ ..... 4. _1-4fi3_'.,, B __ ----_0 ,.Q _qL_ -14036.6 _'L ..... -JD .G- _4"........ 182 .....

• °



55 SLEW TRACK

56 NR TRACK

57 TP_.L

58 SLEW TRACK

59 NO T_ACK

60 M_CC_

61 SLEW T_ACK

62 NB TRACK

63 TPF

64 SLEW OOCK

65 ND T;ACK

66 DOC___PL 2

67 ADD PL 2

68 WB

70 NR

71 NUDGE PL 2

72 WB

73 SLEd ADJ

74 NB ADJ

. 7_ ADJ

76 WB

77 SLEW DEPLOY PL 2

78 N_.__DEPLOY PL 2. TH

79 DROP PL 2

• 1403606 • 000 •
* 1403407 •

#---.--JL4030 - l •

• 1399105 •

• 1398906 *

• 1398602 •

• 13984,3 •

• I]gBI.I •

* 13915,7 •

* 1391109 t

* 1389308 •

• 1719108 *

• |Z1_1.6 *

* 171890n •

• 17189.3 •

t 15PeO.6 •

• 1527907 •

* 1527707 *

• 15_._7t7 •

• 152_:.,6 *

• |527007 •

• 15Z_007 *

1403407 • 0.0 • lo9

000 • 1403001 * 000 * 4.6

O-Q-.-*.---13991.5 • "4R_.7 * 090---

000 * 1398906 • 0,0 • 1,9

000 * 1398604 * 000 • 3ol

n.O • 13986-;) * na_O_._L__Q.2.__

000 • 1398403 * OeO * 1,9

0.0 * 1398101 • 0.0 * 302

0.(! • 1391_.7 • _-(_ • 6_-4

000 * 1391109 • 000 * 308

000 • 1390807 • 000 * 302

o.o , 1.'_893_48 • n.n . 14.q__

3298.0 • 1719108 • 000 • 000

000 • 17191.6 * 000 • 002

0.0 * 1_'_1_904 * Oj9 * 2.2

000 • 17189.3 • 000 * 001

000 * 1528006 • 1908.7 * 000

0.0 • 15279.7 * 0.o • O-q

000 * 1527707 * 000 * 200

000 • 1527707 * 0,0 • 000

0,0 • 15_271.6 * 0.0 * 6.1

000 • 1527007 * 000 * 009

0,0 • 1526807 * 000 • 200

0.0 • 152__8.6 • 0.0 • 0.1

-367G.G * 1159_.6 -'_ 000 * 000
80 THRUST FROM PL 2
81 WB
82 SLEW IMU TOI

83 NB IMU TOI

84 TO|

85 FC REACT 8 MPS VENT

86 WB

87 SLEW MC¢

88 NB MCC

89 MCC

90 WB

91 SLEW IMU POI

92 NB IMU DOI

93 poI

* 1159806 *

* 1150301 •

• 1157908 *

• 1157901 •

* 11578,9 •

• 760109 •

* 756004 •

* 755807 •

* 75_8o6 •

7544.5 •

* 754300 •

754206 •

• 754204 •

94 FC REACT 6 MPS VENT • 584402 *

95 WB * 580207 •

96 SLEW MCC * 580_|o4 *

97 NB MCC * 580102 •

98 MCC • 580101 *

99 WB • 5794.9 •

000 * 1158301 * 000 * 15o5

O.O • 11_579,8 * 0_0 * 3.3___

000 * 11579.1 • 000 • G.6

000 * 11578.9 • 000 * 0.2

OtO* 760109 * 3977t0 * OtO

000 * 756004 * 000 * 0.0

000 * 755809 * 000 * lo5

O.O • 7___07 * O.O • 00_

000 • 7558.6 * 000 * 001

000 • 754405 • 000 * 14o2

0.0 • 7543.0 * O.O • 1.5

0.0 • 754206 • 000 • 004

0.0 * 75420_ * 0,0 • 002

0,_ • 5_e_,2 * 109802 • OtO

000 • 580207 * 000 • 000

000 * 580104 • 000 • io3

0.0 * 580102 • 000 • 0._____

000 • 580101 • 000 • 0ol

000 • 579409 * 0.0 * 602

000 • 579305 • _00 * 1.3

• • SLEW IMU CIRC * 5793,5 • 0,0 * 579302 * 000 • 003

• • NO CIRC * 5793,2 * 000 • 579300 • 000 * 0,3

• • CIRC $ 57_3.0 • o_tO * 3_66_2 * 2226_8 * O.O_i__

• * IB • 3566.2 • 000 • 356103 • 000 • 4.8

• • SL_W ADJ * 35_103 • 000 • 356102 * OoO * 001

• • NB ADJ * 3561.2 • 0.0 * 3561.0 • 000 * 002

** ADJ * 356100 * 000 • 355304 • 000 * 7.6

*• WR • 35_3.4 * 000 * 355000 • 0.0 • 305

$• SLEW EOS CAPTURE ST * 35_000 • 000 * 354909 * 000 • 00|

• • NB CAPTURE • 354909 • 000 • 351708 * 0.0 * 2.1

$• CONTINGENCY |o7( • 354708 * 000 • 339509 • 15109 * 0.0

• ••••••• •*••_•

TOTALS 5609800 44700
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V7

..... CONEIG... CO__C.JEPT_ O__ 310P_'3A ...........................

W

W

!-STG__.P_I._. ,1L___PJ_._IN GEnS t NUDG I..PL .............................

98 MCC • 0e0 • 8e0

$$ CIRC $ 5276,0 • 0e0

• _ ADJ • 0,0 • 16.0

• _ CONTINGENCY leT( • 475.8 • 0,0

TOTALS 28462,8 147e2

W

,ira
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6.3.5.2

REFE RE14C F_S:

Q.

CONCEPT 320A- 3A

GEO 5YNICH pER FOF_.MAHCE

32OA-I Concept De_'in;J-ion, Issue 2, dQ{-ecl 20-z9 Aug J9"/3

GENERAL 11NFORIvIAT loN

WF, x_p : 2@9.__5 Ibs

WAoAe_ : I_I__I Ibs (one s÷acle)

= 19Z4 Ibs (f_o s_age)

uJ; =GSooo-l_ll = &5589 Ibs

uJi= (,50o0- 1924 = GBo7_ Ibs

Isp = B38.o _ec

I%p = 0.9651%P= 5D2. Z5 se¢

COBoZ-"WFlxcv * • (.co'_mal01es)

= 2G95 -,o.!7C

Z- o.r'/ (.c_plo_)

l-us

Tus

Tu 9 Forward Vloun_,n_ - L F = II_ in (.bne $I-9

K,ck S_ase hen_]+h = LR-- IOOin (_CS _2_)

Orb;1-er PIL Bo 9 Le%fk = Lo = 7ZO ,n

- Lo- ('LT, LF-_ L_ )

Length : LI" = ZO4.7_, in/_i-_

][.-+ersfa_eAclapfer Le_n_'t'h = LA = B.O _n (T_o %#_) Fl}fsOn|_ )

-r:'l.f=, Onl 9 )

HOT...._E_% Used u_i+hone sfa._e onl_

L..p = 720 - [_'zCzo4.T&)-_ 3.0] -- 3o7.4_5 ,;,

= 720- (2o4 7_-+ tlg_) -" 403 _-4,,,--

= 7Zo -(zo4.7G-__19.* Io0): 3o_.z4,,_:
PAGE n.5- 9?
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CONCEPT "_2OA- =3A Cco_'_ )

NASA N,ll 5S_ONS

ONE _AGE

WiHno_f Kick S{a._es

ClP_(Depl%) - UJ_z

= F!_ 4.3._&B

W,l-h

£Oe,oCc_l:,lo_) = UJ_.r = "2.G95 _-0.17(ZI,6) "-- Z'740 IIo__

I

I
t-I, ,J. _,, .j

TWO STAGE

611n_s_o{ Mode

S,n_le PIL OeRlo_

(.0_(beplo_) = 0006 x -_ "2(d_5 ÷o.17 (Ioz) = 2_7 I..____._

2695 _-O.ll(Ziq) = 2-744.

,_,$SPE AV)
16s

: 2_95.0.I'/ (Io7-): 7.'712

" z(.,95.,-o.l_ (zs,) : 2.744

L .

PAGE G.3- gO



CONCEP-I _'Z.OA-0A r.cotvt ;

DO0 t,/115S10N S

u)Bo = tl)Bo(.Wa_A)+ AWcoM,.4

ONE _-rAG,,E

_u_ -- 2755 "_13.2. - 27(.8.____IE.s

//

WelL = Cuse NASA pe_o_r_o.n_e) = F;_j 4.3.3.3 i
f

TWO .%'TAGE /
!

u_ - .._7,__., _'_._ = -zTz_.___%I_,= C''+ s'_ )

:. -_ ,._._{ _ '_
-.- 2744_,3.2. = Z757 _%_ L_- _-

%_',n3shof_ode

_te WL D_.lo_

tL)PIL (Depl o,_ ) = _c_,:,,._,_o,_:sP(,t,v)I 50A ..5

_ulf;- P/L 0,_1o 3

CUplc(beplo3 ) = C'(_u,,_,_(,._,t_V,_}: F',q, 4.3.3.5

%...
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CONCEP'T 32OAE- 3A

GF_OSYNCH P__RFOR, MANCF-

REFERE.NCE5

q. 32OAE-I Concepi De_;ni_'onplssue 2. d_ed 29 Iku_ 1975

GENERAL ]_NFOR_4A'TION
i

Wr,xeD-" _7&_____BIBs

W_APT = I¢o11 11_s (.o,_St_) Op,_s)

= 1924 I_. C.T,,osis c_,,_)

VqR_,_. = IO7 I_

I%P= 55B.O _ec

I_PE-O.9B_ IsP = 532.25 sec

uJ_z., uJ_.,.(,_ (e._-.,s,,_,.ble,) _- O.!7 Ct)epl0_); 0._ CR_F,-,_,,_) ; 0._ 7 C eo_.a T-,,_)

Consu_lol,s CT,,_°Sf_'.Of.n,) ' IO'Z IIo, (..l't3_) ; '2S! 15s C2"-'1 5% )

Tu_ LeY_9_-h- L-_: 204.7G ;n/_f_

I_S 321 Le,n94h - Lv, _ IO0_,,

CA'_,_'er P/L Bo-3 ien._ Jtk= L.. -_7249 ,.

CT_o 5_ Op, o_lt_ )

L= - C-zL-I _ LA . LV. )

Lp
•z_.s "2__,

_s.zv C_
P.A,CE C.3-

0,-,_ sh " _ &V. S_
q!



COHCEPT 3ZOAF-- 5A (:con'{')

NASA M_SSIONS,

_NE _TA Ca E C._,rigle PIL o,_I, 3 .)

Wil-hou'l K,ck _--/¢_..

WPIL(,_,_,I_) = .( Use _OA-3A Per[-) -

_,,/_(=-r_). = _ C " " ) =

_I 5 4.3,_.3

F'{c_ 4. &'5.3 '

F,_ 4._._. 5

Wi{'k Kt&E _Jc_e K5 _5Z! (Pk_ne_-_r_j OnlH )

tOeo = OLt_os-LUe_zv = _7(o&*O-17(,Z$5)-lO7 = _70E, II_5

(A)PIL : (.Use 320A-3A Per_') =

TWO _-ra C_

,5_ingsbof _ode

IJJISO CDep|o_j ") =

CDeph,_j O_I_ )

;_7_8 --0.17Cio2)-Io7 =

Z7(_ '_ 0.17 (ZSI)-10"7 :

-_78__..5.5II>_

3'2oA- _A Pe6 )= 5094 Ibs

\ =,'

_lut% - P/L

LU BO(t:>epl=_j ) = 27(o8-_0.17(I0;_)-I07 -- 2_785 I_5

Z765,0.17 C'z81)-I07 -- ?-81b l_

U3 PIL C_pto,. 3 )

/

_v,_ = z ? z f-p-,

,4.3.5.5



CONCEPT _20A_-_A Cco-_)

O

O

Revere SI-n._s_of l_fiocl_
,3

I_JBo(.perlo3 ]. uJ_- _,b._v = 9-'/G8,0.1"/(100 -Io7 =

a-

('lL)£oCeta"v ) = (JL)BoK

_eo ( R "1"_ _- U-)eo%

•- 2"/b_* O.I'/(z81) - I07 =

. 9_76Z, -. O, 28 Ciol ). :

•- _'768, ._c_ (_et)..

-. 2"I&B -_ 0.Z7 Cioi

•= "2"I/=5.,O.Z'/C2B,)

/
!

u.bA.C_h-v) = _"( " )

P/LcR-_,_T,,,,),f ( " )

/

z'78..._..._5Ibs

= 2844 I_

. 5920 !l_s

-. _800 Ib_

.- 2430 I_s

l_ulfi- PIL

cUeoc_o,_) - _78____!_ll_sCl'__% )

C i,_ s-h)

( 2"-" "4s)

(I_ _ )

(._"-'s% )

i %ee

Fi_ 4,_.3._

Ir,_ 4.3,3.3

.1%1,

F;g 4.3.3.3

IF¢_ 4.5.3.5
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CONCEPT 320AF-3A (¢on+)

DOD M ISSIONI5

L0eo -- LOeoCN._A) + 6,c.Uc,,_

-= LUBo C._,_) * =_5

OkiE STAGE

UJeo(_eplo_)= 2758*55 = 2771 Ibs

uj_ (,zh-v) : 2907+ 55 = 2940 II0_

LOPIL (.oeplo_) =

. _U).PIL (.R_÷,-v) =

F_9 4.3o_.3

"FWO $TA G

5,_qle P/i.
L

LOgo = "Z785 + 55= '2818 16_ (I "÷ _.t(j)

= 281G + _,3 = Z849 Ibs (Z "515t"0)

Mul_-i P/L

• _ li_ Cz'--'s%)

U'-)P/L: IF;94.3.-%3

L

PA_]E (;.3-i04



COI',IC_pT 520AE-3A (con'tJ

ReverSe St;nq_ho% Mode

smq_e P/L

weoc_e_o_) - z78%, 83 = 28t_____BIB_ (I'" _+_)

': "7.PoIGt33 = 2849 lis 629_/-,j)

CUsO(_u,,dTr,.i,): ;/795'S3 " 2B'2.__._ 11:_ (..l"Stg)

2644 _38 : 287..___7 165 (2"5'rg)

5_e

__ tOeJL cD_e.l,lo_ )

COWL (Re%r{eve)

UO_I L (Ro,_,,d Trip) =

5-i98 Ibs

"a. "7 i% i IIO_.w .,...s i • -

Z4oo I_,s

F( 9

'3

F,"3

_Au I_i - PIL

QU_o(bepio_) = _785* 33 = ?._18___.__Ibs (.I:T S+_)

-- 28_/_ * _3 - 2849 Ibs (Z '_' s_)

!

J
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TUG IEIGHT HI $10_

CONF IGe CONCEPT .'_..Ojk-._lL

1-STG DEPL I PL--AKS IN GEOS

l ST THRUST *

2 NB _ELEASE ST *

3 WB =

4 S.E_ IWU POI *

5 NB I MU PO I *

6 ODE *

7 FC P EACT _. MPS VENT *

8 IB

g SLF_ MCC *

10 NB MCC *

I 1 MCC •

12 IB •

13 SLE# I_U TOI *

14 NB IMU TOI *

15 TOI *

16 FC PEA'CT 6 MPS VENT *

17 _8 *

1R SLF_ MCC *

19 NB M CC •

?.0 MCC *

21 W8 *

22 SLEd DEPLOY *

23 N8 DEPLOY *

24. D_DP DL I--AKS *

?-5 THRUST FR PL 1 •

?-6 WB *

27 SLEi I_4U TOI *

2B N8 I MU TO I *

29 T3 I *

30 FC _EACT & MPS VENT *

3i WB *

32 SLEa MCC *

33 NB MCC *

_ MCC ,

35 WR ,

"36 S_E# IMU POT *

"_7 NB IMU PO I *

3_ PO I *

39 FC _EACT 6 MPS VENT *

_0 dB ,

4.1 SLEW MCC •

¢ 2 NB _ CC *

A3 MCC ,

_.4 WB ,

A5 SLE# IMU CIRC *

46 NB IMU CIl_C *

47 Cl_C *

4R I/8 ,

49 SLEW AOJ *

50. NB ADJ *

S 1 ADJ $

52 WB $

53 SLE# EOS CAPTURE ST *

5a NR EOS CAPTURE ST *

55 CONTINGENCY 1e7( *

T OTALS

iT 3EF DLT PAY

$***$*** **$*****

55134,4 * O.C *

55134e6 * OeC *

551 34,3 * O,O *

55134,3 * 0,0 t

55120.0 * O.C *

55119e9 * O.O *

37481.6 * 0,0 *

37469.6 * OeO *

3746(;,5 * 0.0 $

37464.6 • O. 0 *

374_40(5 • O. 0 *

373gge4 * O. G *

373_g, 3 * Oen. *

373eg. 6 • OeC *

3738ge5 * DeC $

26266.1 * OeO *

26254ei * OeG #

2(=253.8 * 0.0 *

2E250e4 * O.O *

26250.4 * OeO '_

262C8.2 * 0.0 *

262C7eg * 0.0 $

262C4.5 * OoC *

26204,4 * -20295. 7 *

5goe, 7 * O, 0 $

5900,8 * 0,0 *

588g, 4 * Oe C $

5889,1 * OeC *

5888,6 * O. O $

55ei,7 * O.O $

554(;;7 * 0.0 *

5547,7 * 0.0 N,

5547,6 * 0.0 *

5547.4 * O.C *

5545eg * 0.0 t

5543,9 • 0.0 *

5543e 5 * O. C *

5543,1 * O. O $

3938. C' * 0,0
3926e 0 * O* C

3923.6 * OeC *

3923.5 * OeC *

3923.3 * O. G *

3917.6 * 0.0 $

3glSe2 * OeC *

3915.0 * O. O *

3914,7 • 0.0 $

2676.2 * GeC *

2675,6 * OeC *

2675,5 * 0.0 $

2675.2 * 0.0 $

2670. g * OeC $

2667e8 • 000 $

2667.7 * O. O $

25(=4.(; * OeO *

iT AFT

***$$***

55134,4 *

55134e 3

55134.3 *

55120.0 *

55119e9 *

37481e 6 *

37469, 6 *

3 746g. 5 *
37464.6 *

37_,64.6 *

37399. 4 *

37399.3 *

37389.6 *

37389. 5 *

26265.1 *

26254.1 *

26253.8 ¢

26250.4 *

2 6250.4 *

26208.2 *

26207.9 *

26204e 5 *

26204e 4 *

5908, 7 *

5900, 8 *

5889,4. *

5889, 1 *

5888. 5 *

5551.7 *

5549. 7 *

5547.7 *

5547, 5 *

5547.4 *

5545, 9 *

5543, 9 *

5543.6 *

5543, 1 *

3(;38.0 *

3 g26.0 *

3923e 6 *

3923.5 *

3923, 3 *

3917e6

3915,2 *

3915,0 *

3914e7 *

2676.2 *

2675.6 *

267505

2 5750 2 *

2670.9 *

2667.8 *

2667e 7 *

2664.9 *

2597.0 *

PRO--MA IN
********

DoO *

Oo_' *

Oo_ *

0.0 *

OeO *

17638.3 *

:).:) *

De:) *

?o3 *

:)o3 *

O.:) *

3.3 *

0.:) *

11123.4 *

De3 *

:).D *

0._) *

3.) *

D,O *

:).3 *

D.D *

_)03 *

Oo._ *

_oO *

326oB *

O.O *

O,D *

D.:_ *

De) *

OeO *

003 *

1605.1 *

Do:_ *

3.3 *

:)._ *

_o_ *

0.:) *

3o_ *

003 *

1238,5 *

0.0 *

0._) *

0.:) *

D.D *

9.0 •

_).) *

6709 *
********

32_)30.3

PRO-- APS
********

14.3

C.I

O.C

0.1

4eg

0.0

65.2

9.7

0.1

0.0

0.0

3.4

0.0

4202

003

Oel

C-cO

7e9

lle4

Ce3

De5

OeC,

beO

2.0

0.2

_,,1

1.5

2.0

0.3

0.5

OeO

OeO

2e3

0ol

0.2

5.8

2.3

Ce2

0.4

OeC,

Oe5

C.1

4.3

3.2

OeC
***•****

193.6



J
TUG OELTA-V BUDGET

CONF |Ge CONCEPT 32. 0.,li - ..,_1..

|--STG DEPL t PL-AKS IN GEOS

DV MAIN DV APS

11 ST THRUST 4c Oe 0 4c Oe 0

6 PO[ 4_ 41 c;4e 0 • OeC

I1 MCC • OeO • 13eO

15 TDI • 3840e 0 • OeC

20 _CC _' OeO • 12.0

25 TH_IST FR PL 1 • OeC • lOe C

29 YOl • 621.0 ¢ O. C

]4 MCC _ Oe 0 • 2e O

38 POI * 3718.0 ,k OeC

43 MCC _ OeO ¢ lleO

¢7 CI;C '_ 4136e G * OoO

51 AOJ • 0.0 WE 12e0

55 CONT INGENCY 1.7( • 2eOe7 _1, OeC

T OTALS 1678Ge 7 60o 0

PAGS 6.3-107



_UG BELTA-V EUDCET

CC_PIG. CCNC_P_ : _p 320A-3A

IST 01= 2 .C_G B_ STG 2 INTO 160X_475

D¥ M_IN EV JPS

1 S'I '[HFI:SI _' 0,0 * 0,1
6 FCI * _4_9.0 * 0.0

12 TR[_US'I ?R S'IG 2 =_ C.G * 1G.O
16 ADJ * 110.0 * 0.0
21 CCFF " C.0 * lu,.O
25 _CI • 224,0 * 0,0

3¢ CI_C * 420.7 • 0.0

3. ¢ AEJ * C.C * 2.0

_ CC_I_GE_C_ 1,7_ • 68,5 = 0,0

TCTAI.S 52S_,2 26,1



TUG WEIGHT HISTORY

CCNFIG. CCNCEF_ : _P 320A-3A

1ST OP 2 ETG DFPL 5TG 2 INTO 16GX4_75

I ST THRUST *

2 NB 5EIEASE ST *

WB *

Q SLEW ]MU POI *

5 NB I_U _CI *

6 FCI *

7 CCNSCS *

8 WE *

10 NE E_ l:LO¥ *
ii D_C_ STAGE 2 *

IZ EBB[HE FB SIG 2 *

13 WE *
lq SIEW ADJ *

15 NE AEJ

16 AEJ *

1_ CCNE(]_ *

-- 18 WE *

19 SIEW CCFF *

2C NB CCFF *

_1 CCF}_ *
22 _B *

23 SLEW IMU TOI *

2q NB I_U IOI *

25 _CI *

26 I;UEI CELL VENI *

29 w_ *

2E SiEi, I_U CIRC *

29 NE IMU CI8C *

3¢ CIBC *

31 CCNEE_ *
32 WE *

iIT BEF DII PAY _I AFT _RO-MAIN PSO-_PS

6143E.0 * 0.0 * 61q37.2 * C.O * 0.8
61q37.2 * 0.0 * 61_37.1 * 0.0 * 0.0

b1=#._i.1 * 0.0 • 61q_1.0 * O.O • 0.1
61q33.0 * 0.0 * 61421.0 * 0.0 * 16.1
61_21.0 * 0.0 * 61420.9 * 0.0 * 0.1
b1_20._ * 0.0 * q0_4;.5 * 20573.3 * O.O

_08_7.5 * 0.0 * qC825.0 * 0.0 * 0.0
4C825.C * 0.0 * _0825.0 * 0.0 * 0.0

40u25.0 * 0.0 = _081_7 = _.0 • 5.3 --

_081c,.7 * 0.0 * qC819.6 * C.O * 0.1

4C819.6 * -37E_2.5 * 2977.1 * 0.0 * 0.0

Z_71.1 * O.O * _-73.1 * _.g * _.0
2933.1 * 0.0 * 2973.0 * 0.0 * 0.1
2973.0 * 0.0 * 2973.0 * 0.0 * 0.1

291_.0 • 0._ * 2972._ " U._ * 0.6

29_2.3 * 0.0 * 29_2.5 * 29.8 * 0.0

2942.5 * 0.0 * 2920.0 * 0.0 * 0.0
292Q.0 * D.O * i917.8 * G.O * 2.2

2917.8 * 0.0 * 2917.8 * 0.0 * 0.1

2917.8 * 0.0 * 2917._ * 0.0 * 0.3

i917._ * U.O * 2_II.9 * O.O * 5.5 --

2911.9 * 0.0 * 2909.6 * 0.0 * 2.It

29C9.6 * 0.0 * 2909.5 * 0.0 * 0.1

29_.b * 0.0 * 2908_.8---_ 0.-0-* 0.6

2908.8 * 0.0 * 28_9.7 * 59.1 * 0.0

28_S.7 * 0.0 * 2827.2 * 0.0 * 0.0

2_zl.Z - O.O ; 2_Z7,1 = 0.0 _' 0.1

28_7._ * 0.0 * 2827.0 * 0.0 * 0.1

2827._ * 0.0 * 2826.3 * 0.0 * 0.7

zSiO. J * U.U * 2/lgYq--,=-----TC6._ = O.O

2719._ * 0.0 * 26_.6.S * 0.0 * 0.0

26c.6._ * 0.0 * 2691.8 * 0.0 * 5.1

3J ,_[E_ _DJ • Zb91.8 • 0.0 • 26g_.% • 0.0 • O.O

3_ NE A_J * 2691.8 * 0.0 * 2691.1 * 0.0 * 0.7

3.= ADJ * 26ci.1 * 0.0 * 2690.3 * 0.0 * 0.7

36 w_ • 2690.3 * 0.0 *-- -qEH_.5?3--* C.O * 5.1-----

37 SLEW _OS CAPTURE ST * 26EE.3 * 0.0 * 2685.2 * 0.0 * 0.0

3_ NH CAfTUBE * 26E5.2 * 0.0 = 2681.7 * 0.0 * 3.5

3_ uC_G_C_ 1.7_ * 268i.7 - 0.0 r266_,0-_---2_ * 0.0
• ******, ********

_CTAIS 2079C.9 5_&.6

?AC]E 6.3-I;9



IgG DELTA-VBUDGE_

CCNFIG. CCNCEf_ : IP 32OA-3A

2ND CF 2 STG DEPL I PL IN GEO- ¢

D¥ RAIN DV APS

1 ST TE_OS_ _' C.C * 0.1
6 MCC _' 0.0 ) 13.0

10 TCI * 3665.0 * 0.C

1 =- Mcc * ¢.0 • 11.0
lS MCI * 5854.0 * 0.0
2.= TEFUST 55 PL I * 0.C * 10_.0

2_ ADJ $ 0.0 $ 8.0

33 TCI $ -¢8_E.C * 0.0

3_ _CC * 0,0 ') 17.0
42 rCl * 5720.0 * 0.0

_ MCC ) C.O * 17.0
51 CI_C ') 23=-2.0 ,) 0.0

5=- AEJ * C.C * 7.0
5S CC_I_GE_C¥ 1.7_ ) 398,5 * 0.0

TC_AI- ¢ 23837.5 83.1
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PAul 6.5-111

_UGIEIGH_ HIS_C_

CCNFIG. CONCEPT : _P 320A-BA

2_D OF 2 STG DE_I I EL IN GEOS

1 S_ _H_USI *

2 NE 5ELEASE SIG 2 *

J wE

= NE MCC *

6 MCC *

7 _ *

8 SLEW IMU TOI *

5 N3 IF[ ICi

10 TCI

11 FUEl CELL VENT *

1Z lib

13 SLEW MCC

1 _ NE _CC

15 MCC

16 W£

17 SIE_ IME MCI

18 NE iMU _0_

lS MC!

20 _UEI CEII VENT

21 w_

22 SLEW DE_LC¥
23 N_ E_LCY

24 D _ L't -rI_ 1

2_= TH_E=¢_ ,--'_ FL 1
26 WF

2_ ZLE& awu=n,

2E NE _EJ

29 ALJ

31

3_

3_

34

3_=

3E

37

3E

39

4C

41

43

_4

_6

43

_=0

51

52

53

SIEW IMU TOI

NB I_U TCI

YUEI CELL VENI

WB

5L_W MCC

NE MCC

MCC

W_
SIE_ IMU _C!

NE IM[ FOI

FUEI CEIl VE_T

WB

5L_ MCC

N_ _CC
_CC

_E

SIE_ IME CI_C

NP IMU ClEC

Cl_C

Si_W _EJ

*

*

_g

$

37842.5 *
378_2.0 *
al;841.9 '_

.]7841.7 *
3783.c.1 *
37;d _ 9_-, C *

37772.6 *

377_2._ *

J 1167. 1 .

37767. I *

269_I.E *

26939.3 "

2693§.0 "

2693_. 2 *

268c_.I *

26896.7 *

268S3.C *

268c2.9

15698.3 *
1 _6"_b. _ *
15675.8 *
15674.8 *

1_,=694.6 *
11131.0 *
11115.9 *

11110,1 *

1 1109.9 *

111C5.8 *

1109/. I_ •

1 1092.0 *

0.0 * 378_2.0 * 0.0 * 0.5

0.0 * 378_I.9 * 0.0 * 0.1

O.U * 37_dL$1.7 * O.O * U._
0.0 * 37839.1 * _.0 * 2.6

0.0 * 37_39.0 * 0.0 * 0.0

0.0 * _7772,_ * 0.0 * 66._

0.0 * 37772., * 0.0 * 0.3

0.0 * 37767.1 * 0.0 * 5.2

O.U _ 3776=/.1 * _.(J * g.1
0.0 * 26961.E * 10805.3 * 0.0

0.0 * 26939.3 * 0.0 * 0.0

O.O * 2gg3c..O * 0_-0 * 0.2

0.0 * 26937,2 * 0.0 * 1.9

0.0 * 26937.2 * 0.0 * 0.0

U.O * 2669_/.1 * 0.0 '_ _40.0 -"

0.0 * 26896.7 * 0.0 * 0._

0.0 * 268S3.G * 0.0 * 3.7
O.O * 26Eg2.9 * C.O * 0.1

0.0 * 15698.3 * 1119¢1.6 * 0.0
O.O * 15675._ * 0.0 * 0.0

O,O * 15675._ -I 0.0 '_ 0.0

0._ * 1567_._ * 0.0 * 1.1

0.0 * 1567_.6 * 0.0 * 0.2

-_5_3.6 * 11-13]?0 * 0.0 * 0.0

0.0 * 1111_=.9 * 0.0 * 15.0

0.0 * 11110.1 * 0.0 * 5.8
U.U * 11109,9 * O.O * 0.2
0.0 = 1110_.8 * 0.0 * 0.1
0.0 * 11097.8 * 0.0 * 12.0

U.C * 111_g2,-U -=" C.U * 5.S

0._ * 11091.6 * 0.0 * 0._

0.0 * 11091.3 * 0.0 * 0.3

0.0 • _7_.0 * _613._ * 0.0

0.0 * 6_55.5 * 0.0 * 0.0

0.0 * 6/453.3 * 0.0 * 2.2

b.O * tq_2.2 _' C.U * 0.1
0.0 * 6a53.0 * 0.0 * 0.1
0.0 * 6438.2 * C.O * la.8

U.U = _3E. i • 0.0 • 2.2

0.0 * 6_35.8 * 0.0 * 0.2

0,0 * 6_3_=.6 * C.O * 0.3

0.0 • 3EL_3.-2 -* 2632.-3 * 0.-0....

0.0 * 3780.7 * 0.0 * 0.0

0.0 * 3779.3 * 0.0 * 1.a
0.0 • 3779T2 * O.O • O.l--

O.C * 3779.0 * O.O * 0.2

0.0 * 3770.3 * G.O * , 8.7

C.U * 3/68Jg * O.O * 1._
0.0 * 3768.7 * 0.0 * 0.1

0.0 * 3768.2 * 0.0 * 0.5

0 ._-*--3 035j_--*--732;-9--* UJO ....
O.C * 3031.7 * C.O * 3.6

0.0 * 3031.7 * 0.0 * 0.1

1 10Sl .6 *

I to91.3 =
643E.G *
6_55.5 *

b_..J. 3 *
6__=3.2 *
6453.0 *

6436. I *
6635.8 *

6_35.6 *

38C3.2 *

3780.7 *

_.3 *
37_._.2 *

3779.0 *

3768.9 *

3768.7 *

376E._,

3035. _ *

3031.7 *



5_ NE ArJ ..... _

55 AEJ *

56 WE *

57 SlEW _C_ CAF_USE ST •

5E NB EC_ CA_UFE ST

59 CCNT]N6ENCY 1.7_ *

_CTAI_

3031.7

3031.4 *

3026.5 *

302_. 8 •

30_1.7

• 0 .0_-_'

0.0 *

0.0 *
0,_0- W,

0.0 *

0.0"

3031._

302@.5 *

302_.9 *

302_._ *

3021.7 *

2913.0 *

0.0 * 0.3

0.0 * 2.9

C.O * 3.6

0.0 * 0.1

0.0 * 3.1

10E.7 * 0.0

30087.1 20_.7

?,',....C;.3 - I 12
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6.3.6.z

RErEIR ENC£5

6.3.6 OPTION _B

CONCEPT 35

.GEOSYNCH PERFORMANCE

0. :_BIO-I Concept" De_Cini_.0n.rssue 2, dn_'ec( 29A_ 1975

b. 881MO47- 75o54," T._ Refulreme_lL_ev,_.o. 2."de=fed 15 A_ 1972_

\

_;EI,,IEE'A L "[.NIFORM A TIo kl

-. WF,_ED = 3212 Ilos

W*OAPT : 151.._._OIbs

Zsp,, 555..___2see_

ISPE = 0.9_3 (3_-_3) = _SZ. 2 5 _e¢

W_. : P/Lo - Wa=_,I" "

= (050o0 -1510

uJ_ = &549o Ibs

: B212 + _C

T% Len3fi = LT = Z97 ,n

Orl_i_er. P/L _'_3 Le._:It_-- L=, = 720 in

Av";i=hlc P/L Le.n,..94h = Lp ._ Lo - LT

Lp -- 72O" '7-97 = 4Z5,'n
= 55.z5 I

NA%A vii%51oH5

S,:%1 e Pe 9tooA

('Ul_o(._,et.,io_.) "= I.LI_ -- _ZI'Z ÷0.17 ( 329)-" 37-&7 _):_ Ibs

, ~

PAGE (;.3-12_



CONCF..PT "51C)- 515 (co,,÷)

Weocn _'_.'s) = [z_z - 3219__.* 0.1"1L._34] = 5:30"Z.,'?,__ Ib._

AV+, _(+:6o'); zgz fps

Mu_÷;- P/Us

DOD Iv'IsSSION ._

I

uJ_ "5'Z.b'/,9"_ .+ 1_1.2= gg_,l, lg Ibs

51_,4 Ib_ F,_ ,,i.s.4._

e..,6o = 5_03.78, + |B.2. = 3._5. c)8 Ibs

Uh,lL : .£C_-,,O_o,Zsm,_v,.,,z_v¢,av_,) F'(5 4.3.4.'Z

PAGE (_.3-125



q

b.

CONCEPT 310ARE- 3D

E1EOSY_JC t4 PERFORMA_4C _

3BiOA_.E-I Concep_ De_,'n,h0n_ _ss_ie 2, d_&ea z9 Au_) 1973

• o

_81MO47-7BO54," 1-u_ Re_ulre)_en_Sj Rev_slo_ 2/' dated 15 A_b 19"13

GENERAL INFORMATION .

WFIxe_O = 341(0 Ibs

Wsc)_pT = 1510 Ibs

WR'rev = IO"7 |bs
...... _ o .

W;. = P/Lo - W^_,e'r = ro5 ooo - i 5 i o

W,:. G%49o |b_

LUeo = LUF,_ > -t _:(Consumo.b|es)

= S41e, +'zC

IsP - 338.O seC

Z_Vu = 1_59_,7" _'F.s

/_Voo =

I so _es (Rou,,,_ 1-_,p)

_ 885 _,_

1(: = O. 17 "Del_lo _

= O. Z7 iT..ou_ci TYt'_

"l-u..I ter,._÷h = L-_ = 29"7 ,_

V,_k _÷cLge Le_{h = LI< = GG ,,, (KS 302., 303)
d,"m : IO-12 _f.

: 80;,, (_s %ol)

Or%i_e_ WL D_ Le.,r,j_'h = Lo = 7ZO in

Aw; l&ble P/L Leno_h = Lo -(LT "_ _ LK) or = Lo - (L,* L_D,_)

LP(,,-,zo _<_.--,RD,4) = 7ZO -297 = ,4 Z 5 :

LPCw;._, _o,_) = 7ZO-(z97-, _)6)- B8-/ =

LpC,._,H, i<:_,): -TZO- (z9;'+.%_) = 343 :

Lp(_;-tk _s ) : 7Zo- ('z_7._#[.) : "_57 =

L_,(,,,;,tk 7._5) = 7Z.o - (..=-":?7 *-13Z) = 291 :

:35.25¢+

s2.25

28.58 _+

,,j:z9,75_-,.

z4.z5 _{-
PAGE -_. 3-'12_



CONCEPT -:51OARE. - -_6

NASA MI,5_ION$

WITHOuh" R_TRI_VAL OF_.LA'Y" MODE.

I.Oit-hou{- k,e-V. S'l-_:_e...Es

_le Po._j 1_o-_

Ccon÷)

Weo(c,,ph, b) = CUBo= - WR<ev = 341_,+ o.rI(354).._ -I'o7

_,¢e,h.,,,,,_) = wBoz = _41b ._ o."z.8(49(,,) : 3554._r" Ib.,s

UPl_o (.l_uv,_l Tt,F)-- (£JBo"{ = ,._41{o I-0.27 (..bl_,) = _56 ?-'Bg" IEL_

qBq I Ibs

1545 Ibs

Io54 I_)s

t,UB,L(:t::,epto_), _(_,u_@,T_'c, Aw, AVD) =

= _3_,R.18 Ib_s

_e_

F,"94._.4._

F':_4._.4.2-

F,_ 4 ._ .4. "2.

Null;- F'a_ loads

Oeplo_ c_l_

UJl_o -" I_l_z "LUere.v = ?>4IG-, o.n (s_4)-1o7 -= 3599. "78 Ibs

I
U')P/LCn _/_p,.e1_)--_0(_;_,_,_s_,_v_,Av'_,,_V )=lF,'_43.4.2

I
_V_ : £Co-Go'), 292 _,

Double Deplo 3 / Reh',eve-

u.J_= Ujeo=.._41(,+ O27 (_,1_,)= $582;3?-Ibs

F;._ 4,3.4.__

cu;J,-h K,_.k G_',, 5e._s

L01_(l:,._-_'Am._) --u.)eoz-Ct_++ = _416+O.rI (7__/,,93-IO'/ --

{'UBoC_.,_,_eb,flo_.)-- u)e,Z - U.k._v = :341&+0.n(B+Z) - +O'/ =

B354. ?_ Ibs

53+'/, Iq l_
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W_T_OU-F RETRIEVAL D_LAY _AoD_

uJso (P-,-'_,,e_',:)= 3554._'_ + 3b
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TUG WEIGHT HISTORY

"CONFIG. CONCEPT 0TP 2_I0_-3B

1--STG DEPL 1 PL IN GEOS

WT BEF DLT PAY WT AFT PRO--MAIN PRO--APS
.................... *_T•__*_*._* .... _***_*_*___._2•=*•**.** .... _*****•*_ •*•*****

1 ST THRUST * 63657.0 * 0.0 * 63656.1 • 0.0 • O.g

2 NB PELEASE ST • 63656,,1 * 0.0 * 63656.1 * 0.0 * 0.0

3 WB * 63656.1 * 0.0 * 63656.1 • 0.0 * 0.0

...... 4 SLEW- -I_U-PO-i .................. _ -15-3-65-6-_1-_ ........... Oe-0--_----6-363-g-e-4--_ ......... 0-e0 * 16.7

5 NB IMU POI • 63639.4 • 0.0 • 6363g,3 • 0,0 * 0.I

-- " 6 . _ 0 _ .......................... I 6 J_63y_}__ __ .......... O • 0 _. __i . 4310S,10_ • =Z053!._ • 0.0

7 wB • 13108.0 * 0.0 * 43107.9 * OeO * 0,1

8 SLEw MCC * 43107,9 * 0.0 • 43102.2 • 0.0 * 5.6

9 N8 MCC • 43102,2 * 0.0 * 43102,2 • 0.0 * 0.0

10 MCC • 43102,2 • 0,0 • 43026,6 • --()'0-• 75.7

II W8 • 43026,6 * OeO * 43026,5 * 0,0 * 0,1

12 SLEW IMU TOI • 43026e5 • 0,0 • 43015,2 • 0,0 * 11.3

- IT_ NB -I_-u--ToI ....................................................* 13015.2 • 0.0 * 43015.1 * 0.0 * 0.I

I_ TOI * 43015.1 * O.O • 30098.g • 12916.2 • 0.0

15 FUEL CELL VENT * 30098e9 * OeO * 30080e6 • OeO * OeO

16 d8 * 30080e6 * 0.0 * 30080=4 • OoO * 0.3

17 SLEW MCC • 30080,4 • 0*0 * 30076,A * OeO * 3e9

18 NB MCC * 30076,4 • 0.0 * 30076.4 • 0-0 • 0.0

- " 19 MCC ........ • 30076.4. * ll.IJ * 30027.7 • " " --_ "=' _

20 WB • 30027e7 * OeO * 30027.4 • OeO • 0.3

21 SLEW IMU MOI • 30027,4 * OeO * 30019.6 • OeO * 7,9

22 NB IMU MOI • 30019,6 * 0.0 • 30019.4 * --0_0--• 0,1

23 MOI * 30019e4 * OoO • 17533.,1 • 12486e4 * 0.0

2* FUEL• CELL VEN_T - _ •, 1753_3...I____ .... __0-0____ 1751_4...e_• _. 0e0. * 0.0

_5 w8 • 17514.8 * 0.0 * 17514,7 • 0.0 * 0.1

26 SLEW MCC * 17514e7 * OeO * 17512e4 • 0,0 * 2e3

27 NB MCC ............... *__. 17512_e4_____ ....... 0.___e_0____ 17512_e_4_.___. Oe_O • 0.0
28 NCC * 17512,4 * 0,0 * 17469,8 • 0,0 * 42,5

29 WB • 17469.8 * 0.0 • 17469.7 • OeO * 0,,,1

30 SLEW L)EIJLOY ............ * 17_69._.7__ $ ..... -O-.-'O--_- 17_b6-TeS_ -__ _ 0"#..* 2.3

31 NB DEPLOY • 17467.5 * 0,0 * 17467,,4 • 0.0 * 0.1

32 DROP PL 1 * 17467,4 * --5279.4 * 12188.0 * 0.0 • 0,0

3_ TH;_UST FR OL * 12158.0 * 0.0 • 12171,5 • 0.0 • 16.5

34 W8 ..... *--i2i71,5---_ 0.-0--$-- 12171°5 •-- 0,0 • 0.0

35 SLEW TMU TOI • 12171,5 • OeO • 12170e9 • 0,0 • 0,7

36 NB IMU TOI * 12170,9 * 0,0 * 12170,6 • 0.0 * 0.2

37 TOI * 12-1-=70-6 -_- ...... O-CO= * ..... 71i_-e-2 • - 5056e4 * 0.0

38 FUEL CELL VENT * 7114.2 • OeO * 7096e0 • OeO • 0.0

39 WB * 7096,0 * OeO * 7094.2 • OeO * 1.8

- _0 sLEW Mcc- ......... * --- 7-o-94-.-z--• -----_-0--* .... 7o9-4.-o -. ..... o-.o • o.2
4.1 NB MCC • 7094.0 • 0.0 • 7093.9 • 0.0 * 0.I

42 MCC * 7093.9 • 0.0 * 7076.7 • 0.0 • 17.2
• 3 wB ...... , ....__-7-_-_......................:.0 • 7074,9 * 0,0 * 1.7

4_ SLEW IMU POI * 7074,9 * 0.0 * 7074.6 • OeO • 0.4.

4.5 NB POI * 7074,6 * 0,0 * 7074,3 • 0.0 • 0.2

4.6 POi .... * 7074,3 • 0,0 * 4.958.8 -_-- 21i5-e6• .... G,O

47 FUEL CELL VENT * 4.¢J58.8 * )o0 * 4.94.0.5 • 0,0 • 0.0

48 W8 ................ • 4.940,5 • ........ 0,0 • .... 4.939,4 • .......... 0,0 • 1*. 1
49 sLEw k_:-E , -4.-9_--. -6_--*- g939.-3---*- o-,-0 • ...... 0.1

50 NB MCC * 4.939.3 * 0.0 * 4.939,1 • 0,0 • 0,2

51 MCC * 4.939,1 * 0,0 * 4931,1 • 0,0 • 8.0

........52 wB ............. ,- 49-3_-,-i-.......-o_--*- ....4_-_.-9-;...... o.-o--;.... 1,3
53 SLEW IMU CIRC • 4.929,9 * 0,0 * 4.929,6 * 0.0 * 0.3

54 N8 ClPC * 4929,6 * 0,0 * 4.929e3 • 0.0 * 0.3



55 CIRC

56 W8

57 SLEW MCC

4929o3 • OeO _ 3355e6 • 15"f3e7 4' 0.0

3355e6 • 0o0 • 3355el • OeO S Oe6

3355.1 4. 0.0 • 3355e0 4' OeO • 0.1
58 NB NCC

59 AOJ

60 rib _k

3355.0 + 000 • 33540_ • 0,0 • 0.2

3354.7 + 000 • 3349e3 + 0.0 • 5.4

3349.3 • 0.0 _- 3346e9 • 0.0 • 2.9___
3346.9 • 0.0 • 3346e8 • OeO • Oel

3346.8 • OeO _ 3344o6 _ OeO _ 2.2

334A.6 t 0o0 • 3202e! t |42e5 t 0-4__

61 SLEW EQS CAPTURE ST
62 NB EOS CAPTURE ST

63 CONTINGENCY le7( _k

TOT AL S 54822e0 280.4

TUG DELTA-4 BUDGET

CONF ; Go CONCEPT 0 TP 310AKE-3B ........

I-STG DEPL 1 PL IN GEOS

DV MAIN DV APS

| ST THRUST _ 0.0 _k 0.1

6 POI • 4236.0 • 0.0
10 MCC 4' 0.0 • 13.0

- 14 TOI _k 3883.0 $ 0,0

19 MCC _ ___0_. O__t ......... 12_:_0 .................
•..._'_' MOI _' 58_8:0 *- n.n_--

28 MCC • 0.0 • 18.0
33 THRUST FR PL _k 0,0 _ |0.0

37 TOI # 5839.0 _ 0.0

42 MCC 4' 0.0 _ 18.0
46 POI _k 3864.0 _ 0.0

51 MCC 4' 0.0 • 12.0
55 CIRC _k 4.182,0 :_ 0,0

59 AOJ _k 0.0 _ 12.0

63 CONTINGENCY le7( _ _73e5 _ OeO

TOTALS 28325.5 95 • 1
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TUG WEIGHT HISTORY

CON_TG. CONCEPT 0 TP-_IO_-3B ............

1--5TG DEPL 2 PL IN GEOS

1 ST THRUST

2 NB PELEASE ST * 63656.1 $

3 WB * 63656.1 *

4 SLEW IMU POT * 63656el *

5 NB ;MU POI * 63639e4 *

6 P0l * 63639.3 *

7 W8 * 43108e0 $

8 SLEW MCC * 43107eg *

9 NB MCC * 43102.2 *

WT 8EF DLT PAY WT AFT PRO--MAIN PRO--APS

******** ,******* ******** ******** ********
"" * .... 63657Q0 l* .... --0--@--0"*-63656.1"* 0@0 * 01_

0.0 $ 63656.1 * 0.0 * 0.0

0.0 t 63656.1 * 0.0 * 0.0

0.0 * 63639.4 * 0.0 * 16.7

0.0 * 63639e3 * 0.0 * 0.1

0.0 * 43106.0 * 20531.3 * 0.0
.....................

0e0 * 43107.9 * 0.0 * 0.1

0.0 * 43102,2 * 0.0 * 5.6

0.0 * 43102.2 * 0.0 * U.0

I0 MCC t 43102,2 *

11 wB * 43026e6 *

12 SLEW IMU TOI * 43026e5 $

13 NB IMU TOt * 43015=2 $

14 TOI * 43015.1 *

15 FUEL CELL VENT * 30098.9 *

16 WB * 30056e9 * 0.0 *

17 SLEW MCC * 30056e6 * 0.0 *

lg MCC * 30052e7 * 0.0 *

20 WB * 30004.0 * 0.0 *

21 SLEW IMU MOI * 30003.7 * 0.0 *

- " 22 " NB IMU MOI

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

0.0 *

43026e6 * 0e0 * 75.7

43026.5 $ 0.0 * 0.1

43015.2 * 0.0 * 11,3

43015,1 * 0.0 * 0.1

30098.9 * 12916.2 * 0.0

30056.g * 0.0 * u.O

30056.6 * 0_0--$ .......... 0.3

30052.7 * 0.0 * 3.9

_0052.7 * 0.0 * 0.0

30004.0 * 0.0 * 48.7

30003.7 * 0.0 * 0.3

29995.9 * 0*0 * 7.9

$ 29995.9 * 0.0 * 29995.7 * 0.0 * 0.1

23 MOT * 29995e7 * 0.0 * 17519e2 * 12476.5 *

24 FUEL CELL VENT * 17519e2 * OeO • 17477e2 * OeO

25 WB * 17477e2 * 0.0 * 17477el * 0.0 *

26 SLEW MCC * 17477.1 * 0*0 * 17474.8 * OeO *

27 NB MCC * 17474e8 * 0.0 * 17474.8 * 0.0 *

- 28 MCC ....... $ 17474,8 • 0.0 * 17432e3 * --0.O-$- -

29 WB * 17432.3 * 0*0 $ 17432.2 * 0.0 *

....... 52

53

54

30 SLEw DEPLOY ........... * 17432.2" ..... 0__.0 * 17430.0_.* .... 0.0 *
31 NB DEPLOY * 17430.0 * OeO * 17429eg * 0.0 *

32 D_0P PL 1 * 17429.9 • --2236.0 * 15193.9 * 0.0 *

33 THRUST F_ PL * 15193,9 * 0,0 * 15173.4 * 0o0 *

35 SLEW IMU POI * 15171.8 * 0.0 • 15171°0 : 0.0 *-

36 N8 IMU PO[ * 15171.0 * 0eO * 15171e0 * 0e0 *

0.0

0.0

0.1

2.3

0.0

42.5

0.1

2.3

0.1

0.0

20.5

1.5

0=6

0.0

37 POI

38 WB

3g SLFW ADJ

40 NB ADJ

41 APOGEE ADJ

42 WR

43 SLEW ADJ

44 NB ADJ

45 PHASE AOJ

4.6 WB

47 SLEW MCC

48 NB MCC

_9 MCC

50 WB

51 SLEW IMU MOI

NB IM-U --M(3_[

MOI

WB

* 1s-Ira;b-* - 0-.o • 14926,b--.- 244,9.-- o.o
* 14926°0 * 0°0 * 14922°5 * 0.0 * 3.6

* 14922e5 * 0e0 t 14922°1 * 0o0 * 0e4

, 14922.i • - b-.-d, 14922.0 ._ o.o * o.o
* 14922,0 * 0.0 $ 14920.0 * 0.0 * 2.0

* 14920e0 * 0.0 * 14916,.5 * 0.0 $ 3.5

* 14916°5 $ 0.0 * 14916.1 * 0.0 * 0.4

$ 14g16°1 $ 0°0 $ 14916,0 * 0.0 * 0°0

* 14916.0 * 0o0 * 14916,,0 * 0.0 * 0°0

* 14910.7 * O.O * 14910°3 * 0.0 * 0.4

* 14910°3 * 0,0 • 14910°3 * 0°0 * 0,0

* 14910.3 * 0.0 * 14908.6 * 0o0 * 1.7

* 14908.6 * 0.0 * 14907.7 * 0.0 * 0.8

.......... * 1_-_-7-;7--* ....... --0";6--_---_7_ .... 0.0 * - "0,0
* 14907.7 * 0.0 * 14667.0 * 240.7 * 0.0

* 14667.0 * 0°0 * 14667°0 * 0.0 $ 0.0



55 SLEW CORR * 14667,0 * 0,0

56 NB CORR * 14666,6 * 0.0 *

57 CORRECT • 14666e5 • 0.0

z4666,6 • '0oO * ...... o°4
14666e5 _ OeO * Oel

14664.5 _ 0*0 * 2,0
58 WB

59 SLEW DEPLOY
60 NB DEPLOY

14664,5 * 0,0 * 14664.5

• 14664.5 * 0.0 * 14664el

• 14664.1 * 0,0 • -_J4664,0 qX
• 14664e0 * --2236.0 * 12428,0 *

• 12428.0 * 0.0 * 12411.3 *

12411,3 * 0,0 * 12404,9 *

61 DROP PL 2

62 THRUST FR PL
63 WB

OoO * OoO

0.0 * 0,4

0-0 * 0.1
0.0 * 0o0

0°0 * 16.8

0o0 * 6j_!3

64 SLEW IHU TO! * 12404o9 * 0,0 * 12404°2 * 0,0 * 0o7

65 N8 IMU TOI * 12404°2 * 0°0 * 12404.0 * 0.0 * 0°2

67 FUEL CELL VENT * 7250°6 * 0°0 * 7208°6 * 0°0 * 0.0

68 WB * 7208°6 * 0°0 * 7206,9 * 0,0 * 1°7

69 SLEW MCC * 7206.9 * 0.0 * 7206°7 * 0°0 * 0°2

70 N8 MCC * 7206,7 *

71 MCC * 7206.6 *

72 W8 * 7189ol *
73 SLEW IMU POI * 7187o4 *

74 NB POI * 7187°0 *

75 POI * 7186o8 *

76 FUEL CELL VENT * 5037°6 *

77 WB * 4995°6 *

0*0 * 7206,6 * 0*0 * 0,1

0*0 * 7189,1 * 0.0 * 17°5

0,0 * 7187°4 * 0,0 _1' 1°7

0°0 * 7187.0 * 0o0 * 0,4

0,0 * 7186o8 * 0°0 * 0,2

o •o *_...... so3r ._6_,. ..... 2_!4_9_._2_*....... o .___oo....
0.0 * 4995,6 * 0*0 * 0*0

0o0 * 4984°5 * 0o0 * 11*1

"..... _7a____S_LEw_M££............................., .....49a.4_5 * .... O,O..*......4984._ * ..........0_o0___.*.........._0._I._
71 ..... "" * ._o_._ * * t_.n * 4984.2 * OeO * 0,1r¢Q _-; _.. -. ..... : . .

80 MCC * 4984°2 * 0°0 * 4976.1 * 0°0 * 8°1

81 W8 * 4976.1 * 0*0 * 4974°9 * 0*0 * 1*2
82 SLEW IMU CIRC

83 N8 CIRC

84 CIRC

85 W8

86 SLEW MCC

87 NB MCC

88 ADJ

89 W8

* 4974°9 * 0.0 * 4974°6 * 0°0 * 0,3

* 4974°6 * 0,0 * _974°3 * 0°0 * 0..3

......... * ..... _4__g74=_3. *.. 0°0 * . 338=6_,3_ * ..... !5_88__.0__._* ...... 0_.._00 .
* 3386°3 * 0,0 * 3385°7 * 0°0 * 0,6

* 33e5,7 * 0°0 * 3385°6 * 0°0 * 0.1

......... * 3385,6 * ......0.*0.__* ...... 3_385_4 * 0,0 * 0-2_
* 3385,4 * 0°0 * 3379°9 * 0.0 * 5°5

* 3379,9 * 0°0 * 3377.6 * 0°0 * 2.4

90 SLEW EOS CAPTURE ST_ ._* ..... .3377.6 * ........ O,O. * .... ]377_5..* .......... :_P)__._*_ .......... O-k_
91 N8 CAPTURE * 3377.5 * 0°0 * 3375°3 * 0.0 * 2°2

9_ CONTTNG_NCY 2( * 3375.3 * 0°0 * 3201.7 * 173,5 * 0.0

TOTALS 55473e8 341°4

PA_E 6.3-144



TUG DELTA--_ BUDGET

CQNFIGo CONCEPT C TP 310ARE-3B

1-STG DEPL 2 PL TN GEOS

DV MAIN DV APS

1 ST THRUST _k 0,0 4' 0et

6 POX * 4236,0 * 0,0

1[0 MCC * 0o0 * t3.0

14. TO/ * 3883,0 * 0,0

19 MCC • 0,0 • 12,0

23 MO! • 5848e0 * 0o0

28 MCC * 0,0 * 18,0

33 THPUST FR PL * OeO t lOeO

37 POl * 177°0 _ 0,0

41 APOGF. E ADJ _ 0,0 _ t eO

53 MOI * 177,0 * 0,0

57 CORRECT m OeO lk ieO

62 THRUST FR PL t 0°0 = tOeQ

66 TO! $ 5839,0 $ 0,0

71 MCC _' 0,0 * 18,0

75 POl t 3864,0 • O°O

80 MCC • 0,0 * 12,0

84 ClPC _, 4182,0 * OeO

88 ADJ _ 0,0 * 12,0

92 CONTINGENCY 2( '_ 574°0 ,l_ 0,0

• ******* ********

TOTALS 28780• 0 |07 • |

PAGE _.3-I_5
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TUG WEIGHT HISTORY

EONFIG. CONCEPT 0 TP 310ARE--3B J

|--STG DEPL I PL I.N GEOS?.._NUDG !._PL _ ................

WT BEF OLT PAY WT AFT PRO--MAIN

******** ******** ******** ********
1 ST THRUST * 636-5-7 o 0 * ..... 0 o0 * 63656.1 * 0.0 *

2 NB RELEASE ST * 63656e1 * OeO * 63656.1 * 0.0

_ 3 WB * 63656.1 * __ 0.0 __. 63656.1 * 0.0

5 NB IMU POT * 63639.,4 * 0.0 * 63639.3 * 0.0

_ 6 PD! ...... , .6.3639p3 , _0-0_* 43108,0 * 20531.3 *

7 CONSUM * 43108.0 * 0.0 * 43066.5 * 0.0 *

8 WB * 43066.5 * 0*0 * 43066.4 * 0.0 *

9 SLEW MCE 43066._* ......... 43060.7 * 0_0_, "..................... _ ..... 0 " 0 *

10 NB MCC * 43060.7 * 0.0 t 43060.7-_ - 0.0 *

11 MCC * 43060.7 * 0.0 * 42985.1 * 0.0 *

12 WB , _2985 ,, !__,_ ............................................. 0.0 * 42985.1 * 0.0 * ..
13 SLEW IMU TOT * 42985.1 * 0.0 * 42973.8 * 0.0 *

14 NB IMU TOT * 42973.8 * 0.0 * 42973.7 * 0*0 *

15 TOI * 42973.7 * . .0_._.0 * 30069.9 * 1.2903.8 * 0.0
16 FUEl_- CELL VE_rI"- * ] 0 0 6-9- o 9 _ 0 . 0 %-- - ]lo 0 a 8 . _ l ; O . 0 *" 0 " O

17 W_ * 30028.4 * 0.0 * 30028.2 * 0.0 * 0.3

18 SL.EW _MCC * 30028.2 * _. 0_.0 • _30024.2 * 0.0 * 3.9

19 NB MCC * 30024.2 * 0.0 * 30024.2 * 0.0 *- 0.0

20 MCC * 30024.2 * 0.0 * 29975.6 * 0.0 * 48.6

21 WB * 29975.6 * 0.0 * 29975.3 * ..................................... - .................... 0.0 * 0.2
22 SLEW IMU MOI * 29975.,3 * 0.0 * 29967.5 * 0.0 * 7.8

23 NB IMU MOI * 29967.5 * 0.0 * 29967.3 * 0.0 * 0.1

PRO--APS

0.9

0.%

0.0

16.7

0.1

0.0

0o0

0.I

5.6

0.0

75.6

0.1

11.2

0.1

24 MOI
............... * 29967__ ._3 • ..... --0--'0 -*-----17502°-7 * 12464_7 * . 0.0

-- - * 17502.7 * 0.0 * 17502.5 * 0.0 * 0.1

26 SLEW AOJ * 17502.5 * 0.0 * 17500.2 * 0.0 * 2.3

27 NB AOJ * 17500.2 * 0.0 * 17500.2 * ........ 0*_ ......
" -- _ 0 * O " Ol .

28 ADJ _c 17500.2 * 0.0 @ 17457.7 • 0.0 & 42.5

_ 42 WB * 14469.3 * 0.0 * 14465.7 * 0.0 *

43 SLEW I/ADJ ......... _ic - _-_4-65_-_i [ ................ 0.0 ]_ 14465.3 _1 0.0 _1

44 NB ADJ * 14465.3 * 0.0 * 14465.2 * 0.0 *

46 WB * 14465,1 * 0.0 * 14457.9 * 0.0 *

47 SLEW MCC * 14457.9 * 0.,0 * 14457.5 * 0.0 *

48 NB MCC * 14457.5 * 0.0 * 14_57p4 _ .......... -- ...................................... 0 * 0 *
49 MCC * 14457.4 * 0.0 * 14457.3 * 0.0 *

50 WB * 14457.3 * 0.0 * 14450.1 * 0.0 *
..... 51 SLEW IMU MDI * 14450.1 *

52 NB IMU MOI * 14449.3 *

53 MOT * 14449.2 *

5_ WB _ * 14373.6

29 WB * 17457.7 * 0.0 * 17457.6 * 0.0 *

30 SLEW DEPLOY .... * " " 1 7 4 5 _* 6 i_ _1 0o O_ * I 17455.3 * 0.0 *

31 NB DEPLOY * 17455.3 * 0.0 * 17455.2 * O " 0 * " " "

32 DROP PL 1 * 17455.2 * --2885.0 * 14570.2 * 0.0 *

33 THRUST _P PL _ * 14570-2 * __ 0.0 * 14550.6 * 0.0 *

34 WB * 14550*6 * 0-0 * 14550.4 * 0.0 *

-.,.-,SLEW I"U POI * ,Ague, 4 * 0-'-0 t .... el _

36 NB IMU POI * 14549.6 * 0.0 * 14549.5 * 0.0 *

37 POI * 1454005 * 0.0 * 14473.4 * 7501 *

38 WB * 14473.4 * 0.0 * 14469.8 * 0.0 *

39 SLEW ADJ * 14469_8 * 0.0 * 14469.4 * 0.0 *

40 NB ADJ * 14469.4 * 0.0 * 14469.4 * 0.0 *

41 APOGEE ADJ _ 14469.4 * 0.0 * 14469.3 * 0.0 *

0.1

2.3

0.1

0.0

19.7

0.1

0.8

0.1

0.0

3.6

0.4

0.1

0.1

3.6

0.4

0.1

0.1

7.3

0.4

0.1

0.1

7.3
0.0 * 14449.3 *.......... _0.() .* _ 0.8
0.0 * 14449.2 * 0.0 * 0.1

0.0 * 14373.6 * 75.5 * 0.0

0.0 * 14372.5 * 0.0 * 1.2



55 SLEW TRACK

56 NB TRACK
57 TPI

* 1437205 • 0,0 * 14370,5 * 0,0 * 2,0

* 14370,5 * 0,0 _ 1436600 * OeO _ 405

1436600 • OeO * 14319,9 * 4602 * 000
58 SLEW TRACK

59 NB TRACK

60 MCC

* 1431909 * 000 • 14317,9 • OeO * 2,0

* 14317,9 * 000 * 14314,8 * 0,0 * 3,,1

* 14314,8 * OeO * -.1_4314o6 * .O_.LQ _ 0,2 ._

* 1431406 • 0.0 * 14312,7 • 000 # 2,0

1431207 # 0,0 * 14309,5 * 000 * 301

* 14309,5 $ 0.0 # 1424200 * 000 * 6705

61 SLEW TRACK

62 NB TRACK
63 TPF

64 SLEW DOCK • 14242,0 * 000 _ 1423801 • 0,0 4, 3,9

65 NB TRACK * 14238.1 $ O.O • 1423500 # 0,0 # 301

66 OOCK PL 2 * 1423500 * 000 • 1421906 • 0.0 * 1504

67 ADD PL 2 * 1421906 * 288500 Wt 1710406 _ 000 * 000

68 WB _ 17104,6 • 0.0 * 1710404 lie OeO _ 002

69 SLEW NUDGE * 17104,4 * 0,0 * 1710202 _ 000 _ 2,2

"TO NB * 17102,2 _, 0,0 * 1710201 * OeO _1, 0e1

71 NUDGE Pl 2 * |710201 * 000 * 1520301 $ 189900 $ 0,0

72 WB * 15203,1 * 0.0 * 1520202 I1' 000 _ 009

73 SLEW AE)J * 15202,2 • 0.0 * 15200,2 * 0,0 $ 2,0

74 NB ADJ * 15200.2 ¢ 0.0 • 15200,1 • 0,0 * 0,0

75 ADJ • 15200,1 _= 000 • 15194.0 • 000 * 6e2
76 WB

77 SLEW DEPLOY PL 2

78 NB DEPLOY PL 2. TH

79 _DROP PL 2

80 THRUST FROM PL 2
81 WB

82 SLEW IMU TOI

83 NB IMU TOI

84 TOI

85 FUEL CELL VENT
86 WB

87 SLEW MCC

_' 15194,0 • 0,0 # 1519301 * 000 $ 0,9

• 15193.1 * 0.0 * 1519101 * 0.0 $ 2.0

• 1 5Z_g!_,_Z_._,- .............. o_.0_., _ 151p_l.q. ,_ ..............._o,o.* .......... o._1 ....
• 15191.0 = -3257,0 = 1193400 = 0,0 = 0.0
• 11934.,0 • 0.0 * 11917,9 • 0.0 • 16,1

• 11917,9 • 0.0 _1, 11914.7 * 000 * 302
.....................................

11914,7 • OeO * 1191400 • 0,0 _ 0,7

• 11914,0 • 000 * 11913,8 * OeO =1= 002

• 11913.8 • 0.0 • 7821,8 '_ 409201 • 0,0

• 7821,8 * 0,0 * 7780,3 * 0,0 * 0.0

_t 7780.3 * OeO * 7778e8 * OeO * 1,4

Wx 7778.8 $ OeO ¢ 777806 $ 000 $ 002

• 777805 $ 0,0 * 7763,8 * 0,0 * 1407

.......................... __. 7763.8.* .......... 0._o0 _= ._ 7762.4__ .......... 0.0 * 104

88 NB MCC

89 MCC

90 WB

91 SLEW IMU POI

92 NB IMU POI

93 POI

94 FUEL CELL VENT

95 WB *

96 SLEW MCC *

97 NB MCC *

98 MCC

99 WB

• * SLEW IMU CIRC *

• t NB CIRC

• * CIPC *

• * WB *

t* SLEW ADJ $

• _ NB ADJ #

• _ ADJ • --3665.7 *

• * WB

tt SLEW LOS CAPTURE ST

w_, NB CAPTURE

_w, CONT INGENCY 2(

TOTALS

7762.4 • 0,0 $ 7762,0 # 0,0 • 0,4

7762..0 • 0.0 # 7761.8 * 0.0 * 0,2

7761.8 * 000 * 601402 • 1747,6 • 0,0
_,-bi:_,2-.-.............6:.0- -......-_o___7--. ...................-o.-o-; ..... -_._- "

5972.7 * 0.0 * 5971,4; WI, 000 * 1,3

5971,4 * 0-0 * 5971,3 * 0,0 * 002

5971.3 * 0.0 * 5971.1 _ 0,0 _ 0,1

5971.1 • 0.0 * 5964,7 • 0,0 _ 6.5

5964.7 * 0.0 • 5963,4 • 0*0 * 1,3

5963.4 • 0.0 * 5963,0 * 0,0 _ 0,3
5963,0 * 0.0 * 5962,8 * OeO * 002

5962,8 _ 000 _ 3670,7 * 229201 _ 000

3666,0 * 0.0 * 366509 * 0,0 _ 0,1

3(_65.9 * 0.0 * 3665,7 * 000 $ 0,2

000 $ 365708 e 0,0 _1' 7,9

3657,8 _ OeO * 3654,4 *

365404 * 0.0 * 365403 *

• 3652,3 * 0,0 * 3468,4 *

000 * 3o_

0,0 _ 0,1

0.0 * 200

184,0 * 0,0

56312,2 453,2

PA(_E G.3-147



TUG DELTA-V BUDGET

CONFIGo CONCEPT 0 TP 3IOA_-_B

t--STG DF_PL 1 PL IN GEOSt NUDG I PL

DV MAIN DV APS

1 ST THRUST * 0e0 * De1

6 POt t= 4236,,0 * OoO

11 MCC t= 0o0 * 13o0

15 T0% * 3883.0 * 0.0

20 MCC * 0.0 * 12o0

24 MO! q' 5848°0 ,k 0o0

28 ADJ * O.0 * 18e0

33 THPUST FR PL i= De{) =_ IO°O

37 PDI _= '57°0 * OeO

41 APOGEE AOJ _= 0°0 _ 0°0

45 PHASE AOJ I¢ OeO =_ OoO

49 MCC '¢- 0.0 • 0_.0

53 MOI * 57.0 * OeO

57 TP! * 35,,0 * 0°0

60 MCC * 0.0 * 0.1

63 TPF ,1_ 0e0 * 3500

66 DOCK PL 2 i= OeO lit 8eO

71 NUDGE PL 2 _= 1280o0 _= OeO

75 AOJ * OeO * 3°0

• 80 THRUST FROM PL 2 * OeO * lO°O

84 TOI * 4576° 0 =k 0.0

89 MCC ._ 000 * 14o0

93 PO[ * 2774o0 ,I, 0e0

98 MCC _' 0.0 * 8o0

• t CIPC * 5276e 0 * 0.0

• * ADJ * 0e0 * 16°0

• * CONTINGENCY 2( ,_ 562.0 _, 0.0

TOTALS 28584eO 147o3

PAJE {;.3-it, S



IIIII I " I I I I I I I I I II IIIIII I II I I I II

PAGE _;,3-I_9

CONFIG, CONCEPT 0 TP 310AKE-SB

.... I,$__T_G DEP_L ! PL__ IN__TO_._GEOS_ ,_ RETR__ I P L .............

WT BEF DLT PAY WT AFT

| ST THRUST * 63657.0 * 0.0 * 63656.1 *

2 NB PELEASE ST * 63656.I * 0.0 * 63656.1 *

=4 WB .... * 63656e.|_.__ _ 0_-0 _..6.3656.1 *

4 sLEw-IMU POI * 63656.1 * 0.0 * 63639.4 *

5 NB IMU POI t 63639.4 *" 0,0 * 63639.3 *

6 PO I

7 CONSUM

8 WB

PRO--MAIN PRO--APS

******** ********

0°0 * 0.9

0.0 * 0.0

0-0 * 0.0

0.0 * 16.7

0.0 * 0.1

_* ..... _63_63_9_- 3__ _ ....... _09_0_ _ 43108-0 *_ 20531.3 * 0.0

* 43108.0 * 0.0 * 43067.5 * 0.0 * 0.0

* 43067.5 * 0,0 * 43067.4 * 0.0 * 0.1
9

10 NB MCC- " * 43061.8 * 0.0 * 43061,7 * 0,0 * 0,0

11 MCC * 43061,7 * OoO * 42986,2 * 0,0 * 75,6

12 we *_42pe6.Z * ........... 0.0 ,,, 4a986.jL * 0.0 * O.I
13 SLEW IMU TOI * 42986,1 * 0.0 * 42974,8 * 0.0 * 11.2

14 NB IMU TOI * 42974.8 * 0,0 * 42974.7 * 0,0 * 0.1

15 TO_I.............. __ 429_7_,7 * . __0_0___* _.30979_-6 * _12904o! * _ 0.0
16 FUEL CELL %/ENT * 30070,6 * 0.0 * 30030,1 * 0°0 * 0.0

17 WB * 30030,1 * 0,0 * 30029,9 * 0,0 * 0.3

|9 NB MCC * 30025.9 * 0.0 * 30025.9 * 0.0 * 0.0

20 MCC * 30025.9 * 0.0 * 2<3977.3 * 0.0 * 48.7

21 WR __ * 29977,3 * 0.0 * 29977,0 * ......0_e_0_ * 0,3
22 SLEW IMU M-Oi r'r * 29977°0 * 0,0 * 29969.2 * 0,0 * 7,8

23 NB IMU MOI * 29969,2 * 0,0 * 29969,0 * 0.0 * 0,1

24 MOI ............. __ _2_g9_6_9._0 _* ......... 0_9_0__*_._17503,6 * .12465.o4 * .... 0.0

25 W8 * 17503.6 * 0,0 * 17501,5 * 0.0 * 2.1

26 SLEW AOJ * 17501°5 * 0,0 * 17494°6 * 0,0 * 6.9

27 NB ADJ * 17494°6 * 0°0 * 17494.5 * 0,0 * 0°1

28 ADJ APS PER NOD * 17494,5 * 0.0 * 17452°0 * 0.0 * 42,5

29 W8 * 17452,0 * 0°0 * 17449,9 * 0*0 * 2.2

30 SL_E_W- DEPLO Y P L I .... * _1_74_4_9,9_ • _ __ 0.0.___ 1744?,6 - _ ........ 0°0 * ..... 2.3

31 NB DEPLOY PL 1 * 17447.6 * 0.0 * 17447°4 * 0°0 * 0.2

32 DIWOP PL 1 * 17447.4. * --986.0 * 16459°4 * 0,0 * 0*0

• 33 THR_UST F_ PL 1 ........ t 16459,4 * 0*0 * 1643792 _ _ 0.0 *_ _ 22°2

34 WB * 16437*2 * 0.0 * 16427',7 * 0*0 * g*5
14¢ Cl _ full l'_f'_f v,. • ! ,.............. - 1642" " -* 0-0 _" ;6426.8 ." 0.0 -* 0,_

36 NB IMU POI * 16426.8_ * . 0_e.0_* 16426,,7 * 0e0 * 0_,I

37 POT 6 * 16426,7 * 0,0 * 16419,2 * 7,6 * 0.0

38 WB * 16419,2 * 0,0 * 16415,9 * 0,0 * 3.2

39 S LEW_A_O.) ..... , 16415.9 * 0,0 * 16415,5 * _ 0._0__ ........ 0.5

40 NB ADJ * 16415,5 * 0,0 * 16415,4 * 0.0 * OoO

41 APOGEE ADJ * 16415,4 * 0,0 * 16415.3 * 0,0 * 0,1

43 SLEW ADJ * 16412.1 * 0.0 * 16411,7 * 0.0 * O.S

44 NB ADJ * 16411,7 * 0.0 * 16411.6 * 0.0 * 0,0

45 PHASE ADJ * 16411.6 * 0.0 * 16411,5 * 0.0 * 0,1
46 WB • 16411.5 * 0.0 * 16406.7 * 0°0 * 4.8

47 SLEW MCC * 16406,7 * 0,0 * 16406,3 * 0,0 * 0.4

48 NB MCC .... * 16406_,3._$ - .......9"0_* ....16406.2 * 0.0 * 0.0
49 MCC * 16406,2 * 0,0 * 16406,1 * 0*0 * 0o1

50 WB * 16406,1 * 0,0 * 16404,6 * 0,0 * 1,6

St SLE_ W IMU MOI * 116_.04e6 * 0.0 * 16403.7 * .... 0.0 * 0.9

52 NB IMU MO[ * 16403.7 * 0.0 * 16403.6 * 0,0 * 0°1

53 HOT * 16403,6 * 0,0 * 16305,8 * 97.8 * 0.0

54 SLEW TWACK * 16305,8 * 0.0 * 16303.6 * 0.0 * 2.2



55 NB TRACK $ 1630306 * 0.0 * 1630007 $ 0.0 * 2.8

56 TP! * 163C0.7 $ 0,0 * 1624B.4 * 52e4 * 0,0

57 SLEW TRACK * 1620-8,4 * 000 * 16246.1 * 000 * 2.2

58 NB TRACK * 16246,1 * 000 $ 1624303 * 0,0 * 208

59 NCC $ 16243,3 * 0,0 * 16243,1 * 0,0 * G.2

60 SLEW TRACK * 162_.3.1 * 000 * 16240,8 * O,G * 2.2

61 NB TRACK * 16240,8 * OeO $ 1623706 * 000 * 302

62 TPF * 1623706 * 0,0 * 16161,0 * 000 * 7606

63 WB $ 1616100 * 0,0 * 1616008 * 000 * C02

64 SLEW DOCK * 1616008 * 000 $ 1615603 * 0,0 $ 4,4

65 N8 DOCK * 161fi6,3 * 0,0 * 1615600 * 000 $ 0,4

66 DOCK ImL 2 * 16156.0 * 0,0 * 1613805 * 0,0 * 17o5

67 ADO PL 2 * 1613805 * 98800 • 1712605 * 000 * 000

68 WB $ 17126,5 * 0-0 * 17124,3 * 000 * 2.2

69 SLEW IMU TOT * 1712403 * 000 * 17119.8 * 000 * 4.5

70 NB TMU TOT * 1711908 il, 0,0 * 1711907 * 000 * 0,2

71 TOI i' 17119,7 * 0,0 * 1000702 ,1' 7112,5 $ 000

72 FUEL CELL VENT * 10007,2 * 000 * 996607 * 000 $ 0.0

73 W8 S 996607 $ U.O * 9965.8 * 000 * o.g

74 SLEW MCC * 996508 * 0*0 * 996405 * 000 * 1.3

75 N8 MCC * 996405 * 0,0 * 9964,4 * 0,0 * 0ol

76 NEE * 9964,4 t 000 $ 9940,2 * 0*0 $ 24,2

77 iB * 9940,2 • 000 * 9939,3 * 0-0 $ 009

78 SLEW [MU DO| * 9939.3 * 000 * 9936,7 * 0,0 $ 2,6

79 NB [MU POI * 993607 * 000 $ 9936,6 * 000 $ 0,2

80 POT * 993606 * 0*0 * 696501 * 297105 * 000

81 FUEL CELL VENT $ 6;65,1 * 000 * 6924,6 * 000 * 0.0

82 WB * 692406 * 000 * 692400 * OeO * 006

83 SLEW MCC $ 6924.0 • 000 * 6923,1 * 000 * 0,9

84 NB M_C $ 692301 * 0,0 * 6923,0 * 000 * 0ol

85 MCC * 6923,0 * 000 * 691108 * 0,0 * 11,2

86 iS * 691108 * 0,0 * 691102 * 0,0 * 006

87 SLEW IMU CIRC * 691102 * 0.0 * 6909,3 • 0,0 * lo8

88 N8 IMU C|RC * 690903 i 0,0 * 690902 * 0,0 * 0,2

89 C;_C * 69C902 * 000 * 4703,4 * 2205,7 * 0,0

90 W8 * 470304 * 0,0 $ 470302 * 0.0 $ 0,3

91 SLEW ADJ * 47C3,2 * 0,0 * 470206 * 0,0 * 0,6

92 N8 ADJ * 4702e6 * 0,0 $ 470204 * OeO $ 0ol

93 ADJ $ 4702°4 * 000 $ 469408 $ 0,0 * 7,6

94 WB # 460,408 * 000 -* 4694.3 _* n.m.._ • f_eS__

95 SLEW EOS CAPTURE ST $ 469_-o3 * 0.0 $ 4,693.7 * 0*0 * 0.6

96 NB CAr'TUI_E * 469307 * 000 * 469206 * 0,0 * 1ol

97 CONTINGENCY 2( * 469206 * 0,0 * 445602 11' 23603 * 000

TOTALS .5858406 454.0
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TUG DELTA-V BUDGET

CONFIG. CONCEPT 0 TP 310ARE-3B

I--STG DEPL I PL INTO GEOS, RETR t PL

DV MAIN DV APS

******** ********

| ST THI_UST _ 0.0 * 0.1

6 POI e 4236e0 _ 0.0

11 MCC * 000 * 13.0

15 TOI t 3883.0 = 000

20 MCC * 000 4, 12,0

24+ MOI S 5848,0 • 0.0

28 AOJ APS PER NO0 • 0.0 • IB.O

33. THRUST FR PL 1 _ 0.0 * I0.0

37 POI 6 11= SeO • OoO

41 APOGEE ADJ 8 0.0 * OoO

4,5 PHASE ADJ = OeO $ OeO

49 MCC 4' 0,0 * 000

53 MOI • 65,0 • 0.0

56 TPI _ 315.0 • 0.0

59 MCC t, 0.0 * 0,1

62 TPF S 0,0 $ 35.0

66 DOCK PL 2 _ 0.0 * 8*0

71 TOl S , 5839.0 • 0.0

76 MCC * 0.0 • 18*0

BO POI * 386A.0 * 0.0

85 MCC * 0.0 * 12.0

89 ClPC * 4182.0 * 0.0

93 ADJ • 0.0 * 1200

97 CONTINGENCY 2( • 562.0 • 0*0

TO_TAL S 28519.0 138.3

PAC;E 6.3-151
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..... TUG WEIGHT HIsToRY

CONF iG. CONCEPT 0 TP 310ARE-3B ......................

I-STG RETR 1 P L IN GEOS -.........................

WT BEF

1 ST THRUST

2 N8 _ELEASE ST

3 WB

4 SLEW IMU POI

5 NB IMU POI

6 POI

7 CONSUM

8 WB

DLT PAY WT AFT PRO'--MAtN PRO--APS

* 63657.0 * 0.0 * 63656.1 * 0.0 * 0.9

63656.1 * 0.0 * 63656.1 * 0.0 * 0.0

* 63656.1 * 0.0 * 63656.1 * 0.0 * 0.0

* 63656.1 * 0.0 * 636]9.4 * 0.0 * 16.7

* 63639.4 * 0.0 * 63639.3 * 0.0 * 0.1

* 63639.3 * 0.0 * 43108.0 * 20531.3 * 0.0

* 43108.0 * 0.0 * 43086.2 * 0.0 * 0.0

* 43086.2 * 0.0 * 43086.1 * 0.0 * 0.1

9 SLEw MC_ ................ * ...... 4_986-__* 0.0 * 43080_5 * 0.0 * . 5.6
tO NB MCC * 430e0.5 * 0.0 * 43080.5 * 0.0 * 0.0

lI MCC * 43080.5 * 0.0 * 43010.7 * 0.0 * 6g.8

12 we .......... *. 43_Olp__T_ _ ........ _0_.0_*_ 43010.6 * ....... 0.0 * 0.1

13 SLEW IMU TOI * 43010.6 * 0.0 * 42999.3 * 0.0 * 11.3

14 NB IMU TO[ * 42999.3 * 0.0 * 42999.2 * 0.0 * 0.1

1S TOI * 42999.2 * 0.0 * 30087.8 * 12911.4 * 0.0

16 FUEL CELL VENT * 30087.8 * 0.0 * 30066.0 * 0.0 * 0.0

17 WB * 30066.0 * 0.0 * 30065.8 * 0.0 * 0.3

15 SLEW M.CC * 30065.8 * 0.0 * 30061,,8 * 0.0 * 3.9

19 NB MCC * 30061.8 * 0.0 * 30061.8 * 0.0 * 0.0

20 MCC * 30061.8 * 0.0 * 30017.2 * 0.0 * 44.7

2 ! WB ............... * 30017.2 * 0.0 * 30Q_16_.9___ __ _0_-0_*_ ........ 0_.3

22 SLEW IMU MOI * 30016.9 * 0.0 * 30009.0 * 0.0 * 7.9

23 N8 IMU MOI * 30009.0 * 0.0 * 30008.9 * 0.0 * 0.1

25 WB * 17526.9 * 0.0 * 17526.9 * 0.0 * 0.I

26 SLEW TRACK * 17526.9 * 0.0 * 17515.4 * 0.0 * 11.5

27 NB TRACK * 17515.4 * 0.0 * 17513e6 $ 0..0___*_ ...... |.8

28 TPl * 17513.6 * 0.0 * 17457.3 * 56.3 * 0.0

29 SLEW TWACK * 17457.3 * 0.0 * 17445.9 * 0.0 * 11.4

30 N8 TRACK ,b 17445e9 * 0.0 * 17444,,7 * 0.0 * 1.2

32 SLEW TRACK * 17444.5 * 0.0 * 17433,,1 * 0.0 * 11.4

33 NB._.T_R.AC.K__ - * 17433.1 * 0,.0 * 17430.9 _11, _ 0,0.* ..... 2,.1
34 TPF * 17430.9 * OeO * 17348.7 *

35 SLEW DOCK * 17348. "_f "," 0.0 _*" :'32'¢, v*.^ i,+

36 NB. DOCK _ * 1__73_26.0.* O pO .*_. 17324.3

37 DOCK PL 1 * 17324.3 * 0.0 * 17305.6 *

38 ADD PL 1 * 17305.6 * 1437.7 * 18743e3

39 W8 .............. * .!e_7__3_p3__.* ........ 0.0 _._ !_8741.3 *
40 SLEW IMU TOI * 18741.3 * 0.0 * 18736.4 *

41 NB IMU TOI * 18736.4 *

42 TOI * 18736.2 *

43 FUEL cELL VENY " " * i69S2-;i-*

44 w8 * 10930.3 *

45 SLEW MCC * 10929.6 *

46 NB MCC * 10928.1 t

47 MCC * 10g28.1 *

0.0 * 18736e2 *

0.0 * 10952el *

0.0 * 10930.3 *

0.0 * 10929.6 *

0.0 * 10928.1 *

0.0 * 82.2

0=0 = 22.7

0.0 * 1.7

0.0 * 18.7

0.0 * 0.0

0.0 * 2.0
0.0 * 4.9

0.0 * 0.1

7784.1 * 0.0

0.0 * 0.0

0.0 * 0.8

_o.o, ........ 1.4

49 SLEW [MU PO! * 10900.7 * 0.0 * 10897.9 * 0.0 * 2.9

50 N8 IMU PO! * 10897.9 * 0.0 * 10897.7 * 0.0 * 0.|

...... 51 POI * 10897.7 * 0.0 * 7638e8 * .... 3258+,9 , ..... 0..0
82 FUEL CELL VENT * 7638.8 * 0.0 * 7617.0 * 0.0 * 0.0

53 W8 * 7617.0 * 0.0 * 7616.5 * 0.0 * 0.5

54 SLEW MCC * 7616.5 * 0.0 * 76|5.5 * 0.0 * 1.0

0.0 * 10928.1 * 0.0 * 0.0

Q.O * 10901.5 * 0.0 * 26.5



55 NB MCC • 7615.5 • 0,0 • 7615..4 • 0,0 • 0,1

56 MCC # 7615,4 • 0,0 • 7603,1 • OeO • 12.3

57 WB • 7603,1 • 0,0 • 7602,5 • 0,0 • Oe5

58 SLEW IMU CIRC _ 7602,5 • OeO • 7600ee • OoO• 2eO

59 NB IMU CIRC • 7600,6 • 0.0 • 7600,4 • 0,0 • 0,1

GO CIRC _ 7600,A • OeO • 5174e0 • 2426_14 _ 0___

61 WB • 5174,0 • 0-0 • 5173,8 $ 0.0 • 0.2

62 SLEd ADJ $ 5173,8 • 0,0 $ 5173el ¢ 0.0 • 0,7

63 NB ADJ • 5173el • OeO • 5173,0 • 0,0 • Oel

64 ADj t 5173m0 t 0,0 • 5164e6 • OeO • .5e4

65 WB • 5164,6 • 0,0 • 5163,5 • 0,0 • 1.1

66 SLEW EOS CAPTURE ST • 5163,5 • 0,0 • 5162,8 • 0,0 • 0,7

67 NB CAPTURE • 5162.8 • 0.0 • 5161,8 • 0,0 • 1.0

68 CONTINGENCY 2( • 5161.8 • 0,,0 • 4905.4 • 256.,4 • 0.0

TOTAL S . 59706, g 395, 3

TUG DELTA--V BUDGET

CONFIG. CONCEPT 0 TP 31o_-3_ ....................................

I-STG _ETt_ t PL IN GEOS

DV MAIN OV APS

1 ST THRUST :e 0*0 • 0.1

6 POE _ 4236,0 • 0.0

11 NCC • 0.0 • 12e0

15 TOI • 3883.0 • 0.0

20 MCC • 0.0 • 11,0

24 MOI _ 5848.0 • OeO

28 TPI _X 35e0 t OeO //"

31 MCC _ 0.0 • 0.1

34 TPF _ 0,0 • 35,0

37 DOCK PL 1 _ 0,0 ¢ BeO

42 TOI _ 5839,0 • 0,0

A7 MCC _ 0.0 • 18e0

51 PO! $ 3864,0 • 0,0

56 MCC • 0.0 • 12.0

60 CIRC • 4182,0 • 0.0

64 ADJ " _ 0.0 _ 12.0

68 CONTINGENCY 2( t 554,0 t 0,0

TOTALS 28441,0 108,2

p._GE _.3-1_
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PA(;E F_.3-15_

....... TU G--WE-IGHT HI STORY

CONFIG, CONCEPT O Tp 310AIR_-3B--K_ ....

I-STG. .DEpL 2 p L-A_KS IN__GEOS ....................................

WT BEF OLT PAY WT AFT PRO--MAIN PRO-APS

.... *_*_*ix?l.* _ Ix_ix_***ix Ixix,ix***_ **ix_,ix** **_****_
1 ST THRUST - IX 63657.0 * 0.0 * 63656.I * 0,0 * 0,9

2 NB RELEASE ST * 63656.1 * 0.0 * 63656.=1 * 0.0 IX 0.0

_ 3 WB .................. _ 63656.1 * .....0_.0_.__. 63656.! __ 0.0 * _ 0.0

4 SLEW IMU POI * 63656,1 t 0,0 * 63639,4 t 0,0 * 16,7

5 NB IMU POI * 63639,,4 • 0,0 * 63639,3 * 0.0 * 0,1

6 PO I * ._63639.__3._3 ......................... 0.0 w_ 43274,8 * 20364.5 * 0.0
? CONSUM * 43274,8 * 0,0 IX 43251,0 * 0,0 * 0,0

8 WB * 43251,0 * 0.0 IX 43251,0 * 0.0 * 0.1

9 SLEW MCC * 43251,0 * 0,0 • 43245,3 * 0,0 * 5,7

10 NB MCC * 43245,3 * 0,0 IX 43245,3 * 0,0 * - 0,0

11 MCC * 43245,3 • 0.0 * 43175.2 * 0,0 * 70.1

12 WB W_ 431_75.2 , ....... 0-0___' .43175,1 * 0.0 * O.l
13 SLEW IMU TO! " * 43175.1 * 0,0 * 43163,8 * 0,0 * |1,3

14 NB [MU TOI * 43163,8 t OeO * 43163,7 I1= 0.0 * 0,1

15 TOI ............... _..431._63__7 * 0,0 * 30322,6 * 12841,2 * 0,0

16 FUEL CELL VENT * 30322,6 * 0,0 • 30298,8 _- " 0,0 * 0,0

17 WE} IX 30298,8 * 0.0 IX 30298,6 IX 0,0 IX 0,2

18 SLEW MCC . * .302_98,__6_¶. . 0.0 IX 30294.6 * 0.0 * 4.0

19 NB MCC * 30294,6 * 0.0 * 30294,6 IX 0,0 + 0,0

20 MCC * 30294.6 * 0.0 * 30245.5 IX 0.0 * 49.1

21 WB * 30245,5 * 0.0 IX 30245.3 • .O.,O.__IX ..... 0.2
22 SLEW DEpLoY ...... • 30245,3 • 0,0 • 30241.3 Ix 0,0 • 4,0

23 NB DEPLOY * 30241,3 • 0,0 IX 30241..2 IX 0,0 * 0.1

.. 24 O.Ro_p. _P_L.t--AKS_.............. *_._ 3024_J_.L2 *__-'.1_04_3_-0 * .!9so_'r.2 Ix....... 0.0 Ix 0.0
25 THRUST FR PL 1 * 19807,2 * 0,0 IX 19780,5 IX O,O * 26.7

26 WB * 19780e5 * 0,0 IX 19779,3 * 0,0 * 1.2

...... 27 SLEW [MU POI * 19779,3 * 0.0 ix 19778,2 * 0-._0__.*_ .... 1,1

28 NB IMU POI * 19778,2 * 0,0 * 19778,1 $ 0,0 IX 0.1

29 POI * 19778,1 * 0,0 * 19521,5 IX 256,6 * 0,0

30 WB ...... ,I, 195_21_,5 , ....... 0-0. Ix 19517,!__p 0,0 * 4.4
31 SLEW IMU MO[ * 19517.1 * 0,,0 * 19516.0 Ix 0.0 * 1.1

32 NB IMU MOI IX 19516e0 * 0,0 * 19515.9 * 0,0 * 0,1

. .33 MO.I ..................... _ 19515.9 * _ 0.0 __ 1_9262,__8 _ .... 25_3.2 * .... 0.0

34 WB * 19262,8 * 0,0 IX 19262,2 * 0.0 * 0.5

35 SLEW ADJ * Ig262.2 --* n,_ . _*. .....!oo,_.1 _,'7..... i n=n .,. n.____

36 N B ADJ t 19_26_1_77_ ...... 0.0 t 19261.7 IX 0.0 * 0,0

37 ADJ * 19261,7 * 0,0 * 19259.1 * 0.0 * 2.6

38 tB * 19259el $ 0,0 * 19258,5 IX 0,0 * 0,5

..... 39 S__LEW__OEEPL._Qy- ........ *._ 19258.5 * .......... 0__0__. 19258.0.._ .... O eO * O.S

40 NB DEPLOY IX 19256,0 * 0,0 • 19257e8 IX OeO IX Oe2

41 DROP PL 2--AKS * 19257..8 * --10434e0 IX 8823e8 IX OeO * 0.0

42 THRUST FR PL 2 . * 8823,8 * OeO IX 8811,9 IX 0,0 * 11*9

43 w8 * 8811,9 * G,O * 8809,4 * 0.0 * 2,5

44 SLEW IMU TOI * 8809,4 * 0.0 * 8808.9 * 0,0 * 0.5

45 NB IMU TOI * 8808.<) * 0.0 * 8808.7 IX 0,0 * 0.2

46 roI * 8868'7 * 0-.-0- 7294.0 Ix 1514.7 * " 0.0
47 FUEL CELL VENT * 720_,0 * L,O IX 7270,,2 * 0,0 * 0,0

48 WB * 72.70,2 * 0.0 IX 7.270..1 * 0,0 * 0,1

49 SLEW MCC * 7270,1 * 0.0 * 7269.9 * 0.0 * 0.2

50 NB MCC * 7269,9 IX 0,0 * 7269,8 IX 0,0 * 0.1

Sl MCC .......... * __ 7269.8__ .................................................. 0.0 * 7263,9 * 0.0 * 5.9

52 WB IX 7263,9 * 0,0 * 7263.9 * 0..0 * 0.1

53 SLEW IMU POI * 7263.=9 * 0,0 IX 7263,5 IX 0,0 * 0,4

54 NB IMU POI * 7263.5 * OeO * 7263,3 * 0.0 * 0.2



55 PO I

56 FUEL CELL VENT
57 WB

59 NB M¢C

60 MC¢
61 WB

62 SLEII IMU CIRC

63 NB IMU CIRC

* 726303 *

* 529905 *

* 5275. ? *

* 52?4.* 5 *

* 5;_7403 *
* 52660 5 *

* 5265.4 *

* 526501 *

000 * 5299.5 * 196308 * O,O

000 * 5275.7 * 000 * 0.0

0.0 * 527406 * 000 * 1.1
0.0 * ' S2740S :* O.G_* O,i
0*0 * 52740_ * 0_0 * 001

Q*0 * 5266,5 * ,0_,Q * 7,8
000 * 5265.4 * 0.0 * 1.1

0.0 * 526501 * 000 * 003

0.0 * 5264e8 * OeO * 0.3

64 ¢IRC * 5264.8 * 0.0 * 359902 * I_5-6 * 000
65 WB * 359902 * 000 * 359606 * 0.0 * 207

66 SLEW ADJ * 359606 * 000 * 3596.5 * 000 * 0.1
67 NB ADJ * 359605 * 000 * 3596.3 * 0..0 * 0.2

68 ADJ * 3596.3 * 000 * 3590.4 * 0.0 * 5.8

69 rib * 3590*4 * 0*0 * 3587.8 * 000 * 207
70 SLE_t EOS CAPTURE ST * 3587.8 * 000 * 358707 * 0,0 * 001

7| NB CAPTURE * 358707 * 000 * .358506 * 0.0 * 2-1

72 CONTINGENCY 2( * 3585.6 * 0.0 * 3468.2 * 11704 * 000

• ******* ********

TOTALS 35977.0 248.7

TUG DELTA-V BUDGET

CONFIG. CONCEPT 0 TP 310ARE-3B

L

|--STG DEPL 2 PL-AKS IN GEOS

DV MAIN DV APS

******** ********

I ST THRUST * 0.0 * 001

6 POl * 4194.0 * 000
11 _CC * 0,0 * 12.0

/

|5 TOI * 3840.0 * 0.0

20 MCC * O.O * 12.0
25 THRUST FR PL I * 0*0 * |0.0

29 POI * 142.0 * 0.0

33 MOI * 142.0 * 0.0

• 37' &OJ * 000 * | 00
42 THRUST FIR PL 2 * O.0 * 1000

46 TOI * 2052.0 * 0,0

51 MCC. * 0,0 * 6.0

55 POI * 3428.0 * 000

60 MCC * 0,0 * 11.0
...... 64 Cll_C * 4136.0 * 0,0

Ell AOJ * 0.0 * 12.0
) T2 CONTINGENCY 2( * 362,0 * 000

******** ********
TOTALS 18296.0 7401

PAGE 6.3-155



TUG IEIGHT HISTQRY

CONFIG. CONCEPT 0 TP 31041_-3b

I--STG OEPL I PL--AKS IN GEOS

WT BEF DLT PAY WT AFT PRO'MAIN PRO--APS

******** ******** ******** ******** ********
1 ST THRUST * 63657e0 * 0*0 * 6365601 * 0*0 * 0*9

2 NB RELEASE ST * 63656.1 * 0.0 * 63656.1 * 0*0 * 0.0

3 WB * 63656.1 * 0.0 * 63656*1 * 0.0 * 0*0
A SLEW IMU POl * 6365601 *

5 NB IMU POI * 63639.4 *

6 POI * 6363903

7 CON SUM * 43274.8

8 iB * 43261.8

9 SLEW MCC * 43261.7 *

000 * 6363904 * 0,0 * 1607

000 * 6363903 * 0.0 * 001

0.0 * 43274.8 * 2036405 * 000

0.0 * 43261.8 * 0.0 * 000

0.0 * 43261.7 * 000 * 0.1

0.0 * 4325600 * 0.0 * 5.7
10 NB MCC

11 MCC

12 WB
13 SLEW IMU TOI

14 NB IMU TOI

15 TOI

4325600 * 0.0 * 4325600 *

43256.0 * 000 * 4318001 *

............. • _ 4_3109_, 1_., ........... o,o*___ 4 31 so. o •
43180.0 * 0.0 * 43168.7

• 43|68.7 * 0,0 * 4316806 *

• 43168.6 * 0.0 * 30326.0 *

000 * 0.0

0.0 * 7509

000 * 0.1

0,0 * 11.3

0.0 * 0.1
12842.6 * 0*0

16 FUEL CELL VENT
17 WB

18 SLEW MCC

19 NB MCC

20 MCC

21 WB

'_ :vo-'ooG ._ 0o0 _" 30313.0 * n.n * 0.0

• 30313.0 * 0.0 * 3031207 * 000 * 0o2

• 30312,7 • ................._.or_.-(>_..*_3.0308,,e_* ..................o._-9_*___........... __4,_0_
• 3030808 * 0*0 * 30308*7 * 0.0 * 0*0

• 30308.7 * 000 * 30259.6 * 0.0 * 49.1

• 30259.6 * 0.0 * 30259.3 * 0.0 * 0.3
22 SLEW DEPLOY

23 NB DEPLOY

24 DROP S)L 1--AKS

25 THRUST FR PL 1

26 WB

27 SLEW IMU TOI

28 NB IMU TOI

29 TO I

30

* 30259.3 * 0.0 * 3025504 * 000 * 400

* 30255.4 * 0.0 * 30255.3 * 000 * 0ol

* 3025503 :_ _ _...21.9__90 e _ ._ ...... 72____,0r _ - ......... 000 * 000

* 7264.7 * 0o0 * 7254.9 * 000 * 0.8

* 7254.9 * 0*0 * 724506 * 0*0 * 0*3

* 7245.6 * 000 * 7245.2 * 000 * 0*4

* 7245.2 * 0.0 * 7244.8 * 000 * 004

* 7244.8 * 0*0 * 684207 * 402.1 * 000

FUEL CE_LL .V_EEN_T"............. ., _6.B__4"_2,.7._ _*..... 0 00 * .6829-7__* ........ _0_o0_ * ..... ___0_0_0._
31 WB * 6829,,7 * 0.0 * 6828.0 *

32 SLEW MCC * 6828.0 * 0.0 * 682708 *

33 NB MCC * 6827.8 * 0o0 * 6827.7 *

34 MCC * 6827.7 * ........... b" "L-- 0 _ _ ....... 68_Z _ * -9--, - ....

35 WB * 6825.9 * 000 * 6824.3 *

36 SLEW |MU PO| * 0824.3 * 000 * 682309

38 POI * 6823.5 * 0.0 * 4847.6 *

39 FUEL CELL VENT * 484706 * 0.0 * 4834.6 *
40 WB

41 SLEW WCC

42 NB MCC

43 MCC

44 WB

45 SLEW IMU CIRC

* 4834.6 * 0.0 * 4832.7 *

* 4832.7 * 0.0 * 483205 *

* 483205 * 000 * 4832.4 *

* 4832.4 * 000 * 482502 *

* 4825.2 * 0.0 * 4823.3 *

4823.3 * 0_0 * 4823ol *

0.0 * 106

0.0 * 002

0.0 * 0.1

0.0 * 1.8

000 * 1.6

000 * 0.4

000 * 0.4

1975.9 * 0.0

0.0 * 0.0

0.0 * 1.9

0o0 * 0ol

000 * 002
0.0 * 7.2

0.0 * 109

0.0 * 003
46 NB IMU CIRC

47 CIRC

48 WB

49 SLEW ADJ

50 NB ADJ

51 ADJ

* 4823.1 * 0.0 * 482207 *

* 4822.7 * 0.0 * 329700 *

* 3297.0 * 000 * 329605

* 3296.5 * 0.0 * 329604 *

* 32¢J6-4 * 0.0 * 3296.2 *
* 3296.2 * 0.0 * 329008 *

000 * 0.3

1525.7 * 000

0.0 * 005

0.0 * 001
000 * 002

000 * 5o3

s2 WB
53 SLEW EOS CAPTURE ST

54 NB CAPTURE

55 CONTINGENCY 1.7(

* 3290.8 * • 0.0 *

* 328803 * 000 *
* 3288.2 * 0.0 *

* 3285.9 * 0.0 *

328803 * 000 * 2o6

328802 * 0o0 * 001
328509 * 000 * 203

3201.8 * 84oi * 0.0

3719500 21705
PAGE G 3-15C
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TUG OELTA-V BUDGET

CONFIG. CONCEPT O TP 310ARE-3B

I--STG DEPL 1 PL-AKS IN GEOS

DV MA|N DV APS

1 ST THRUST * 0,0 * 0,1

6 POI * 41g4,0 * 0,0

11 MCC * 0,0 ,I, 13,0

1,5 TOI ,I, 3840.0 * 0,0

20 MCC * 0,0 * 12,0

25 THRUST FR PL 1 ]1, 0o0 * |0,0

29 TOI * 621,0 t 0.0

34 MCC * 0,0 • 2,0

38 POI * 3718.0 * 0.0

43 MCC * 0,0 _' 11,0

4T CIRC • 4136,0 * 0,0

51 AOJ * OeO * i2,0

55 CONTINGENCY 1,7( * 282,0 I1' 0,0

TOTALS 16791,0 60.1
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6.3.6.2 CONCEPT ,_10 A-_B

GEOSYNCH PERFoR MA_CE"

_REFERENCES :

Q. 51OA-I Concep_ De_ini{,on , T.%sue. 2 , dq{e.d _-9 Au_ 1975

b. g61 _O47- 73054_ "ru_ Re_u_tmen_-_, I_e_.s6_ 2," dn_,_/' 15 Aa_ 1973

GEHEIZA.L T-NFO_.MATION"

I_P = 327. 2 =ec

WA_ApT = IS|...._oI_

UJL = P_/Le -. WA__A_r = r, 5ooo - I5 !o

CUL: (05490 ibs

_%PE - 0-983 Z%F_ " _1. _3F

_.v = ILiOIg _-fJ:

AVD - _389 1 Fp.s

= 5:329 -+zC

"X-e_,_,-,LT<;p _ O.9.'/

Tu_I Le_,,i_h = LT = 300 in

l,C,¢.kS÷c,_eLc_'{h = L_ = 6_ ;n

o,l_iCe, P/L e_ t-_-v,9-1h.=Lo = -fzo ;_

Ava, l_bie P/L LeY_%_h = Lp = Lo-(L_ _-nL_ )

LPc_u/a ,_.s; = 720- 5o0 = 410 ,k

Lp(_,.m _9,) " 72.o-('5oo*_o) = 540;_

L_ (.,,,_, __.s. ) " ?Zo - ( %00 -* ¢o_,) " 55 4 _'_

Lp(,.,,,m _.:.) -- -Izo - 4"50o .4-152 ) :" 266,"

(for K5 501, L_:- 80,'_)

= 35.0 __-

= 28.3

--_"Z4.O

PAGE 6.3-15g



COMCEPq 5 10A-SB (co.f)

NA6A MI551oN6"

_T_oO'T K_CK _n'AGE5

uJ_,¢o,_pu,_ ) = tDBo I = B329+0.17 ('Sr_l.)

Cuba- £(w, _,_, _PE,Avu,AV0) =

53@9. _8 Ibs

5e_

I34 I0 I bs F;54,3"4"3

!

._ _c,,e/(.} = COeo;_,. 337.9 -,0.I"/(534)

cOpiL(. p_.)= C(wi,UU_o,Z.sPa,AVu, 6V,_,AVD_ =

AV(_---R(I,:_,o')- _-9__ps

: _19.78 IB5

• :_ 4.3.4.5'_.. P/L's

W_T. KIOI4 SWAGES

K5 501 Plone'I'a:Lj P/L Deploq

IDa<,-=_,_: = 53Z9 _ 0.17 (ZG9) : 5375 Ik._

U'-)WL ( P|ane_'or_.j )

K% 50Z Double. P/L Oep1o_ - No Rei'r,evcJ

WBo = 'JJBox: 55"/9 +0.17('34Z) : 3"_87 Ilos

LQ IFe.I-

LUWL(.2pIL D,__elo,l)= 58 15 .IbS/pL

!)A(._E6.3-I#9



CONCFP;1- 51OA- :bB (co_'t')

K5 50_ ,Sin_ile P/L Deplokl- Lai'e_" Rel-r_eval

uJB_ = CO,or = 5:529eO,17(_bg)-_ _:3-/5 IbS

See
WF'/L = I:3825. Ibs Fi_ 4.3:4.3.

./

K5 504 Double P/L DepIo_l - La_-eT Re_-r_evai

UJBo = uJe, z = "5B29,0.17 (54Z) -- 3397 Ib._

_ee

tOPIL : 2400 16s/pL. F,g 4.3.4.3

KS 505 _,n_le P/L Round T'r,p

LUeo : LO_oz -- 5sz9 .,o,1"t(2(,,9) -- 3575 Ib_

top/L :

I I ._e

J23851bse,,h_ua.,-_ I F% 4'3"4'3

K5 505A ,%_q_e P/L Oeplo9 oY_ Round Tr,'p M,_s_on

tO _,/L : G09o Ib_

PAGE 6.3-150.
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WIT_ _cv. %TA_ES

use I_&s& v,.s. PerE_ce

See I:-;_}'s 4.5.4.B
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REFERENCEf S :

(3. 51OADE-I

b, 5_OAb_-I

C.

CONCEPT 510ADE-]5

GEOSYNCH I:_R FoRIv%ANCE

/
/

Concep_ De_{,,'_.;,, .]_su¢. 7_, dn4ed ?-9 A. 9 1973

t(t_. 54c_se CP_rao'_er ,s4_cs, T.%ue Z, of(tied ?-.9 Au_ 1975

B,%'IwIo4"7-7,::3o54,""I"_5 P.eri_,ce/nenJrS,l_e.v;slo'-"2.,"do_led 15 Au.,.%197.9

GEI'4ER, AL I.NFoI_I, AA'T'I0hl :

/

(,,},.,._,_p.-,--..151__oIbs

UJ ,z'_,.v= l O'7 %'I_

_; = P/L,,-W,,t,_,T: GSooo. 1510 : ¢3490 IE_

CUBo_ : vC_x_) + 7:(Co_l_)

: 3534 + 7-.C

T.sp--- _,z7._..._.._z sec

I.SPE - 0.985 IsP =

AV_:=_,,j- 30 ,%_ (c,,,-, ,,,,l_ )

&V,,o(,,_-j -"130 _ (_,re .,_l,_)

AV_ : 15991 _¢

7---pep1,, _ -- O.I'7

9(-,R.,,,.,'Tr,_ :" O, 'Z'7

T,_ Le_9-1K : L-T : %00 m

Ava;la_l_ P/L L_Y_h :

Lp ¢,,_1o _s} "- 720 - 306

L_ ( ,.,;_ K-_5,. ) =

Lp (,,.,, _._,I k%) -=

Lp (._,.t1,, Z vs ) :

1_55o_ L_=BO,;', )

Lp= Lo- (L-r + n Lv.)

= X}20,n

720-(=300't-So) = _40 '"

7_o-(_oo*_) = 354,_,

7zo- CBo0-, I_z) -- Z88 ,,',

: 35 -9_,

: :_9.5 -9_-

: _,4. o _-'r

k'5 D,a_=Jrer _ 10- 1:2 _4-

PAGE 6.3-1_2



CONCEPT 51OADE-3BCc_{)

NAsA MISSIoH5

WI-rHOOT I_iCl( %T._ES ,,,

S_&_e #o._._.___Iooc'{

Q-)eocoee_o_) = IX)BoX - t.Olrr_u -" B5B4 *0-17(:354)-IO7 = 5487. f_"

LOe,oCe_a,r_._e) = CO_ = 3564 "+ O.ZB (..496) : 3e72..,,88 11_,

W_o (z,,,,,_rr,',,.):U3_ox = 35B4 + 0.¢7 (Gt&) : 3700.3z l_>s

Ib._

_I_-C=o_,er,-,i.)---£ (. " ) - --

_,o55 .Ibs

_o,5 I bs

528 I bs

i _ee.F,_ ,I,3.4.3

F_._4.3.4,3

r,_ 4:3.4,_

Dj_e!.o..H

uJeo(_ ,,z_o,_,o_) : u-&0z- k),_.,__v: _554-, 0.17(5_4)- I07 = B517.7_

i
LOt,&(_

I

F_ .5.4.3

LU_o.=_584+O-Z7(_t_) = 57oo.3Z I_s
_ul&i- PA.

"_,' 5|e P/L

W,-n4 V_cV. %q'AGES

K5 501 pl_r_e_ar_ P/L DepIo.y
.107

PA,'_E 6.3-I_3



CONCEPT 510ADE-315 Cconi)

K5 50?. Doul0b_ P/L i_plo,_ - _o IZe.'h-_ev_.l

_ew:,= w_o.r-tORT_.v: 5._34 • o. t7 C_4Z)-to'/- 348.5 i_

_P/L

UOp/L = I _B_5 16s

Y.%
E04 bou61e P/L DepIo_- L_e_-T._I;v;((_l I_fr,ev.I

I.UE,o - U,)_o I. -uJi_xtv= _634_0.l'/(342.)-I0"/ = 34Pj£ I_ (.Oeplo_)

_o : u.}_. -..s5%4 -,o._z,C_,Go) - Bn _9 IB..sC _i_-;eve)

_]P/I, -" "24OO |_/PL _:i_ 4, 3. 4. 3

K_ .5o£ ._,,-,_V/L Ro,.,,,,iT,-+

cO6o= uO(_o_:= _5,54.t 0._7(,5_9) : _64

J lI.,[.)p/L = "9-."585 165 _"5 4._.4.3

PAGE (].3-104



CONCEPT 51OADE-3Eb Cco_'t-I

I1

UO_o = u-)_z = 5554 + O.ZT(5z_) -- B_,84 Ib.s

LUp/L -
I %eeI (0090 Ib_ F_I 4.s.4.3

/

PA'JE 6.3-1C5



CONCEPT

DOD MIS5IONI_

Wl'TI400.'l" I<ICI_ _"1"A(_ES

WSo(LOef,_) '- 34_7.1_ t 33

t't)eo r.Ro_;,S "i'f,p ) = 37oo.5 z'+ 3 3

510 AD E-_ (co,,÷)

: _5:zo.l_. lb.s
• .

: 57 33- 5?. Ib.S

...UJ_/LC_._> " ¢(_o, xs% Av ) -
.

UJ_IL.( R.._, Tn-r): ¢(._O,_,{Pg,,I_V) =

290(5 Ibs

.(o98 I bs

495 Ibs

F.j)4,_.a,_

r,_ _I._.4.3

F,94._ 4...3

Mql÷;- P,_Ioag_._...._s

De_lo_

(.x.)8o = 3517.7_"

uJp/, = ?( cu, ]:S_F._ _,,/)

AV _ --- ((._--_o.)=

=I

It

IF,'j 4.z.4._

R_u_¢I Tr,'e _h M_Ft;-WL Oegl_

(.L)Bo = B'700,3= + )) -" ,5,; 95.5Z )bS

6v¢ - _c(_:_o) - <zgz_'e-'"

F; _ _.5.4.3

_ulh- l'IL
bep1o,._

-l-

_i" r,eve

_<ICi< S-FAG E5

(Joe NAG, A V.S. P?_'Co_',Y,_,,_e

See F;_'_" 4' 3,4,:3
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Paragraph 6.3.7.1.4

SUBJECT: PRELIMINARY SPACE TUG TRAJECTORY MANEUVER TABLE - GEOSYNCHRONOUS EQUATORIAL

DEPLOY MISSION USING APOGEE KICK MOTOR

The maneuver sequence of events for the Space Tug geosynchronous

equatorial payload deployment mission is presented in Table I. In

addition to the basic TUG, the vehicle under consideration has a solid

rocket motor as an upper stage. The solid rocket motor is used for the

final portion of the Mission Orbit Insertion (MOI) burn which occurs at

apogee of the ascent transfer ellipse; the solid is commonly referred to

as a Apogee Kick Motor (AKM) and the designation has been used in the
table.

It is intended that the data presented in Table I be used as an initial

input for timeline, and functional analyses being done in support of
Task #l.
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Paragraph 6.3.7.1.5

P_ELE4I_RT M_NEU_ TABLE FOR THE GEOSYNCHRONOUS EQUATORIAL RETRIEVAL
MISSION USING SINGLE STAGE WITH DESCENT KICK STAGE

SUMMARY:

Table I presents the sequence of maneuvers required to perform the

geosynchronous equatorial retrieval mission utilizing the Single Stage

plus Descent Kick Stage mode. The total mission time from lift-off to

touchdown is _ 55.4 hours. The Tug mission time is_ 36.3 hours and

the delta-V b_dget is _'_I19 fps with _ _I_o_# fps being supplied by

the Tug.

DISCUSSION:

The old payload was de0rblted into a 28.5 degree, 182 x 19323 n. ml.

orbit. The selection of node line orientation for deorblt of the old pay-

load is open other than perhaps lighting conditions during m_neuvers. The

delta-V required for the maneuver is6000 fps.

The Shuttle orbiter is launched from ETR into a 28.5 degree, 160 n. mi.

circular orbit. The timing of the launch is made so that the node line of

the Shuttle orbit plane coincided with the old payload orbit plane (with due

considerations for nodal regression) and so that the elapsed time from old

payload deorblt and Tug rendezvous is adequate for phasing. Once the nominal

phasir_ geome_- iS established the respective mln_mum delta-V launch opportu-
nities are separated by=3.0 days. For this exercise the longitude of the

old payload was 210°E.

A phasing orbit of_3.O hours will be used to reduce gravity losses

during the perigee burn. Several orbits were allocated for G & N update

and checkout. The burn for the phasing orbit was initiated at t _.lO:25.hrs.
The transfer burn was made at _12:00 hours. The next half orbit is dedi-

cated to G & N update and mldcourse correction.

At apogee the Tug makes the required burn for the hybrid stable orbit.

At this point the old payload must be at apogee of its orbit. The deorblt
time can then be computed to be_-13:00 hours. The Tug now has Z_l.4 orbits

( _14 hours) to complete TPI, TPF_ and docking. At _34 hours the Tug per-
forms the first deorbit burn of l_&@ fps to enter the phasing orbit. Approx-

imately 45 minutes later, the phasing orbit is established with _ 3Y9# fps

burn. The Tug then coasts for 1 orbit to perigee where the Shuttle orbit

insertion is achieved with a _91&@ fps _urn. Tug retrieval is accomplished

in the next 6 orbits. The mission is completed at z 55.4 hours.

1--72 I2 _'-_
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Paragraph 6.3 •7.1.6

SUP,,;ECT" PRELIMINARY MANEUVER TABLE FOR GEOSYNCHRONOUS EQUATORIAL ROUND

TRIP MISSION USING SINGLE STAGE TUG PLUS KICK STAGES

SUMMARY :

Table I presents the sequence of maneuvers required to perform

the geosynchronous equatorial round trip mission utilizing the Single

Stage plus AKS/DKS kick stage mode. The total mission time from lift

off to touchdown is _62.7 hrs. The Tug mission time is _ 47 hrs.

and the Delta-V budget is _27Z? fps with /_?_7 fps being supplied by
the Tug(M_s).

DISCUSSION:

The Shuttle Orbiter is launched from ETR into a 28.5 °, 160 NM

circular orbit. The longitude for the payload placement was _55°E

(worst case) which requires _13.2 hours between launch and TOI. A

phasing orbit of _ 3.0 hours will be used to reduce gravity losses

during the perigee burn. This phasing orbit burn will then be initiated

at _10.2 hrs. The phasing orbit, 182 x 4105 _4, 28.5 degrees is ob-

tained with an _Vtg_ fp_sTug burn. The kick stages will be sized to

perform the total apogee burn (both AKS and DKS). The Tug then re-

mains in a 28.5 degree orbit for the entire orbit. (The Tug does not

make the 2.3 degree plane change at perigee as in Single Stage mode.).

After one pass in the phasing orbit the Tug imparts _&_ fps to

complete TOI. The Tug orbit is then 186 x 19323 NM, 28.5 degrees.

The Tug could immediately release from the payload and begin maneuvering

for the rendezvous with the old payload. For this mission however the

Tug coasted to apogee intact with the payload.

At apogee the payload is separated. The Tug now makes a first

phasing orbit adjustment to insure Hybrid Stable orbit insertion on

the next apogee passage. The orbit for the old payload will have a
period of _10.6 hrs. The time which it must be deorbited can now

be computed. The time from deorbit to rendezvous must be a multiple

of its orbit period. Since rendezvous will occur at 29 hrs. in the

mission, the time of Shuttle launch must ideally lag deorbit by _2.7

+np hrs. For our mission, n = 1 and the payload deorbit maneuver
occurred at -13.55 hours from Shuttle launch.

PAGE 6.3-2_



In the event that Shuttle launch is delayed by several minutes,
the launch can still be made. The effect of a launch delay will be
to cause the Shuttle node line to be displaced forward of the old
payload node line. As long as the delay does not make this displace-
ment greater than the nodal regression during the mission there is
essentially no Delta-V penalty. (For this reason the nominal mission
profile should be to initially place the Tug into the old payload
orbit and let the Tug adjust for nodal regression with the old payload
attached).

Two small burns are imparted by the Tug at the successive perigee
and apogee passes to complete rendezvous to the Hybrid Stable orbit.
The Tug then has over one orbit (-_15 hours) to complete the terminal
rendezvous and docking phase.

As the Tug approaches perigee in the third orbit, at an altitude
of_44OONM, the Tug performs the first POI burn of _1376 fps. The
TUg then coasts through perigee to an altitude of 218 NMwhere the POI
is completed with a_sgo0fps burn.

The TUg then again coasts to perigee (_2.8 hours) where the
Shuttle orbit insertion burn of _Mf&_ fps is applied. Approximately

5 orbits are allocated for Shuttle rendezvous followed by deorbit,

re-entry and landing.
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Paragraph 6.3.7.1.7

SPACE TUG TRAJECTORY MANK_INER TABLE SINGLE STAGE GEOSYNCHRONOUS

N_JLTIPLE DEPLOY MISSION (2 SATELLITES _O° APART - 4-3/4 DAYS

PHASING

SUMMARY:

Presented in Table i is the sequence of events required for multiple

payload deployment by a Single Stage Tug. The two payloads, separated by

a 90° central angle, are placed in a geosynchronous equatorial orbit.

MISSION DESCRIPTION:

The mission begins with the separation of the Tug from the Shuttle in

a 160 n. mi. circular orbit. Forty minutes later a 579 sec. burn is in-

itiated which boosts the Tug into a 182 x 4105 n. mi. intermediate orbit.

After nearly one orbit, the second burn is executed to straddle perigee.

After this burn, the Tug and payload are in a 186 x 19,323 n. mi. orbit.

After coasting to apogee, the third burn is executed. This maneuver

places Tug and payload in a geosynchronous equatorial orbit.

Payload#l is deployed and, after the separation m_neuver has been

completed, the Tug is prepared for the next maneuver which consists of

a 7 sec. retro burn. This shortens the period of the Tugs orbit to

22.74076 hrs. This time represents 19/20 of the period of payload #1.

When 5 orbits have been completed by the Tug and Payload #2, Pay-

load #l has completed only 4-3/4 orbits. The Tug with Payload #2 is at

apogee and 90 ° ahead of Payload #l. Another 7 sec. burn circularizes the

Tug. From this position, Payload #2 is deployed.

After completion of the separation maneuver, the Tug coasts to a

point near the ascending node of the Shuttle's parking orbit where the

descent leg of the mission begins by injection into the 170 x 19,323

n. mi. Transfer Orbit. At perigee of the Transfer Orbit, a maneuver

is executed which places the Tug in a phasing orbit so that at next

perigee, the agreement of latitude of the Tug coincides with that of

the Shuttle. At this point the Tug is circularized at 170 n. mi.

PArlE C.3-2C5



The time elapsed from the time the Tug leaves *the Shuttle orbit

(lst POI) until it circularizes at 170 n. mi. on return is 137.9317

hours. (This coincides with 91.5 revolutions of the Shuttle). The

total time the Tug is away from the Shuttle is 139.8489 hours.

The plane changes with each burn on the outbound leg are 1.2 °,
1.O ° and 26.3 @ in that order. The plane changes on the inbound leg

are 25.8 °, 2.1 ° and 0.6 °, also occurring in that order in time.

The total MPS Delta-V for the mission is 28.342 fps of which

14,O624 fps is used on the outbound leg, 13,944 fps is used on the

inbound leg and 354 fps is used for phasing.
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Paragraph 6.3.7.1.8

SINGLE STAGE SPACE TUG MANEUVER TABLE - MULTIPLE PAYLOAD DEPLOYMENT

INTO GEOSYNCHRONOUS EQUATORIAL ORBIT USING KICK STAGES

SUMMARY:

Presented in Table I are the sequence of events required for

multiple payload deployment by a Single Stage Tug using apogee kick

stages for the final payload placement maneuvers. The payloads are

placed into a geosynchronous equatorial orbit with 90° center angle

separation between payloads.

MISSION DESCRIPTION:

The Tug mission starts with separation from the Shuttle in a

160 n. mi. circular orbit. Forty minutes after separation the Tug

inserts into a phasing orbit with an orbital period approximately

twice that of the Shuttles orbit. After coasting for one orbit the

Tug returns to perigee of the Phasing orbit and performs a burn

placing the Tug in a trajectory with apogee at geosynchronous al-

titude (19323 n. mi.), perigee at the ignition point (_160 n. mi.),

and an inclination equal to that of the Shuttle (28.5°). Before

reaching geosynchronous altitude the Tug releases payload (P/L) #i

and its kick stage, and performs a separation maneuver. Near apogee

the kick stage ignites, circularizes the orbit at geosy_chronous
altitude and changes the inclination from 28.5 ° to 0°.

The Tug coasts to perigee of the transfer orbit (160 x 19323

n. mi.) and executes a burn to lower apogee to 17975 n. mi. The

period of the interior Tug phasing orbit (160 x 17975 n. mi.) has

been selected to permit the Tug to phase on the second payload place-

ment longitude, i.e., 90 ° behind P/L #i in geosynchronous equatorial

orbit, with a minimum total Delta-V. Since the Tug never goes into

an equatorial orbit a Delta-V penalty for differntial nodal regres-

sion (Shuttle orbit regresses at greater rate than does the Tug Orbit)

will be incurred on the inbound leg of the mission after P/L #_

placement. The magnitude of this penalty depends on the length of
time the Tug has been separated from the Shuttle. The maneuvers to

place P/L#2 at a point 90 ° behind P/L#1were selected by trading

off the Delta-V required to get in and out of the interior phasing

PAGE 6.3-277



orbit with the Delta-Vpenalty incurred by increasing the time that the

Tug is away from the Shuttle. Keep in mind that the total time required
to phase with the P/L #'2 deployment location is inversely proportional

to the Delta-V for phasing; the less Delta-V expended for phasing, the

longer the coast time in the phasing orbit.

The Tug coasts for two orbits in the interior _basing trajectory,

then executes a maneuver at perigee which raises apogee to 19323 n. mi.

once again. Since the Tug is now on a direct transfer trajectory to

the P/L#2 deployment location, the payload and its propulsion system

(AKH) are released. At the appropriate time the kick stage ignites and

places P/L #2 in a geosynchronous equatorial orbit. The Tug coasts

past apogee (true anomaly of 180°) to a true anomaly of 264.5 ° (altitude
of 3264 n. mi.) at which point it places itself on a transfer trajectory

with the final phasing orbit. After coasting in the intermediate trans-

fer trajectory (15946 x 226 n. mi.) for approximately 34 minutes the

phasing orbit is intersected and a burn is performed to get into the

4105 x 160 n. mi. phasing orbit.

After a little less than one revolution in the phasing orbit a

circularization maneuver is performed at perigee and a 170 n. mi. cir-

cular orbit results. The Tug and Shuttle relative positions are now

suitable for eventual rendezvous and docking.

The total MPS Delta-V expended for the mission is 30126 fps of

which 12010 fps is supplied by the kick stages, and 18116 fps by the

Tug.

D
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INTER-OFFICE. _a1EMORANDUM

Paragraph 6.3.7.1.9

SUBJECT: MANEUVER TABLE FOR TEE TUG SINGLE STAGE "NUDGE" MODE - A

PAYLOAD DEPLOYMENT AND PARTIAL DEORBIT OF ANOTHER PAYLOAD

SUMM&RY :

This memorandum will discuss a TUG mode of operation which involves

deployment of a payload and the partial deorbit of another payload, i.e.,

what has been labeled the "Nudge" mode of operation. The significant tra-

jectory related events are presented in Table I, and a detailed discussion

of the mission follows.

MISSION DESCRIPTION:

The overall objective of this type of mission is to deploy a payload

(P/L #l) into its mission orbit, perform a catch-up maneuver to effect

rendezvous which a second payload (P/L#2), and to partially deorbit (Nudge)

P/L #2. The retrieval of P/L_2 from its stable orbit is performed by

another Tug_ mission and it will not be discussed in this memorandum. The

important imp!i_ation of the Nudge mission mode is that the propellant that

would remain after deployment of a relatively light payload has been used

to partially deorbit another payload and subsequently enhance the retrieval

capability of another Tug mission.

the Shuttle/Tug vehicles. The Tug mission starts with separation from the
Shuttle in a 160 n. mi. circular orbit. The transfer maneuver from 170

n. mi. to 19323 n. mi. could be performed with one burn approximately 180 °

from the desired payload placement longitude, or it could be performed by

two (or more) burns, each raising apogee until it reaches 19323 n. mi. The

advantages of using at least two burns for the transfer to geosynchronous
altitude are twofold. The establishment of an intermediate orbit between

170 n. mi. and 19323 n. mi. facilitates payload placement at a specific

longitude in the mission orbit by creating an accelerated catch-up (ph_slng)

situation. In addition, the Delta-V losses due to gravity steering are

reduced when the multl-burn approach is taken and each burn is relatively

short.
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The first of the two maneuvers to ultimately raise apogee to geo-

synchronous altitude is the PHASING burn. It occurs approximately forty

minutes after separation from the Shuttle and it creates a perigee 180 °

from the desired payload deployment inertial longitude. The Tug remains

in the 182 n. mi. by 4105 n. mi. phasing orbit for one revolution. At

perigee a second burn, the TRANSFER burn, raises apogee to 19323 n. ml.

and the Tug coasts one half of an orbit before circularizing the vehicle

at geosynchronous altitude, and at 0° inclination.

After P/L#l has been deployed the Tug performs an on-orbit phasing

maneuver to catch up to the second payload which is 6000 n. mi. downrange.

The magnitude of the on-orbit Delta-V (42 fps) has been selected to permit

rendezvous with P/L#2 in approximately3.3 days. Figure 1 will serve as

an aid in envisioning the on orbit phasing maneuvers. Figure 1 is a re-

lative motion presentation of the Tug trajectory relative to P/L#2 which
is to be retrieved. The origin of the coordinate system stays centered at

P/L #2 with one azis of the system representing the local ve_ical and the
other axis the local horizontal.

The on-orblt phasing maneuver changes the orbit from 19323 n. mi.

circular to 19323 n. mi. x 18950 n. mi. After approximately one half an

orbital period (,9 12 hours) the Tug reaches perigee and a burn of 5 fps

is performed to lower apogee 40 n. mi. The apogee has been lowered to

enhance the eventual (_'2.5 days later) approach trajecto_j of the Tug to

P/L #2. After the Tug performs the apogee adjustment maneuver it coasts

to apogee ( - _ hours/ _u =L _±_ 9v±_,_ ,_=b _ ugpu_L_ _u =u_I_

perigee once again to compensate for traj _-+_ _ _ " _ the_j o_rslo,_ an_ execu-

tion errors that have accrued since the last navigation update. Nominally

no correction would be made at this point.

After coasting for two more orbits the orbit is circularized 40 n. mi.

below and 91 n. mi. behind P/L #2. This corresponds to a range of lO0 n. mi.,
the assumed laser tracking range. The constant altitude differentia] between

the Tug and payload produces fairly stable relative trajectory parameters

which facilitate accurate laser tracking. The Tug coasts for 5.2 hours after

circularization and then executes a burn (TPI) which places it on an inter-

cept trajectory with P/L#2. TPI is performed lOn. mi. behind and 40 n. mi.

below P/L#2. The theoretical transfer angle (central angle through which
P/L #2 will travel from TPI to intercept) has been established at 30 ° cen-

tral angle which corresponds to two hours of flight. In practice, the tim_

between TPI and intercept would increase to approximately three hours to

permit the intercept velocity to be nuiled during the terminal phase of the
transfer.
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After successful_y docking with P/L#2 the Tug coasts in geosynchronous

equatorial orbit waiting for its trajectory to intersect the Shuttle line of

nodes. Thls point has been selected to start the deorbit sequence since it

represents a point where no Delta-Vpenalty is said to compensate for the

Shuttle orbital regression.

The Tug places P/L _ into a 19323 n. mi. x 10087 n. mi. orbit.

During the one revolution that the Tug remains in this orbit the payload

is released and the TUG performs a small separation maneuver in anticipation

of its next burn at apogee. The Tug burn at apogee lower perigee from 10087

n. mi. to 170 n. mi. At perigee a phasing maneuver is performedwhich lowers

apogee from 19323 n. mi. to 6230 n. mi., the apogee required to place the
TUg approximately 300 n. mi. ahead and lOn. mi. above the Shuttle after one

revolution in the phasing orbit and circ_larization of the Tug orbit at 170

n. mi. The Tug and Shuttle positions are now suitable for Shuttle active

rendezvous and docking.

The magnitude of the "nudge" Delta-V was selected by utilizing the

"full capability of both the deploy/nudge Tug and the Tug which eventually
retrieves the partially deorbited payload. The mission described in de-

tail in TableI deployed a payload of approximately 2700 lbs. and nudged
one of 2200 lbs.
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Paragraph 6.3.7. i. i0

SUBJECT: MANRV_rFER TABLE FOR _ GEOSYNCHRONOUS DEPLOY MISSION USDTG _ T_O-STAGE

SLIN G SHOT MODE

SL%IMARY:

Table I presents the sequence of maneuvers required to perform the

geosynchronous equatorial deploy mission using the two-stage sling shot

mode. For this configuration the lower stage establishes the phasing

orbit and returns to the Shuttle; the upper stage goes on to complete

its mission alone. The lower stage propellant is off-loaded. The lower

stage imparts _ fps to establish the phasing orbit and4__!fps to

return. Its mission time for separation to rendezvous is _10.5 hours.

The upper stage imparts9522 fps on the outbound leg, 13920 fps cn the

return leg and has a mission time of 48,5 hours from separation to
rendezvous.

DISCUSSION:

The Shuttle orbiter is launched from ETR into 145 NM circular orbit

with inclination between 28.5 and 30 degrees. The timing of the launch

is open. The time between launch and transfer orbit inserticn is de-

pendent upon the longitude of the payload placement and the parking orbit

inclination. For this exercise the longitude of the payload placement

was 80 degrees East, the inclination is 28.5 degrees and the time between

launch and TOI is _hours.

The two Tugs and payload are separated from the Shuttle orbiter

intact. At the prescribed time the lower stage burns for 595 seconds

to impart a delta-V_ 4450 fps and establishing an orbit of 160 x

BJ475NM, 27.3 degree inclination. The lower stage _hen separates.

After a small delay the lower stage adjusts its orbit (delta-V_llO fps)

to establish the ideal rendezvous conditions on its next pass _hrough

perigee three hours later, As it approaches_,65 degrees before perigee

the lower stage imparts a e224 fps burn to lower perigee and adjust for

nodal regression. Fifteen minutes later, just after perigee passage the
final burn of _4207 fps is imparted to place the Tug in the 155 NM

circular orbit of the Shuttle.

The upper stage with payload has already passed perigee and must

wait a second revolution in the parking orbit. It was decided unwise

to command both Tugs to burn at the same time. At the next perigee

passage the upper stage imparts "_:3665 fps to establish a 165 x 19323 NM,

26.3 degree orbit. The Tug coasts two hours and perfoms whatever mid-

ccurse correction is required.
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The Tug coasts to apogee. Here a _5847 fps burn establishes the
geosynchronous orbit. The payload is deployed; the Tug then coasts to
the node line of the Shuttle orbit where a burn of 58_8 fps establishes
a 165 x 19323 NM, 26.3 degree orbit. The Tug coasts to perigee where a
5720 fps burn establishes the required phasing orbit of 165 x 1825 NM,
27.3 degrees. At the next perigee passage the Tug inserts into the
Shuttle orbit at 165 _ with a 2352 fps burn. Approximately lO hours
are allocated to rendezvous, retrieval and re-entry.
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i_,_ .k .... INTER-OFFICE ",_EMORANDUM

Paragraph 6.3.7.1.11

SUBJECT: Y_/_Et_"_l_ TABLE FOR THE GEOSYNCHRONOUS RObZ_D TRIP _SSION USh-NG THE Rn-U/ERSE

SLING SHOT F_DDE.

Sum_ary:

Table I presents the sequence of maneuvers required to perform the

geosynchronous equatorial deploy mission using the two stage reverse sling shot

mode. For this mission ,the upperstage _-lth payload goes alone to synchronous

orbit and returns as far as its propellant carries it. The second stage then
leaves the shuttle and performs a retrieval mission of the first stage. For

this Mission the upper stage imparts a delta V of -_20820 fps and has a mission

life of 106.6 hours from separation to burnout. The second stage propellant

is offloaded. It imparts a delta-V of -_15097 fps and has a mission lifa_ime

of 24.4 hours from separatior, to retrieval.

Discussion:

The Shuttle orbiter is latu_ched fr_n ETR into a 145 I_ circular orbit

with inclination between 28.5 and 30 degrees. The upper stage and the payload

are released from the shuttle; the lower stage remains.

The upper stage burns for _5c seconds to ...."-,:-u _^ _;,_o_ _h49 n_

160 z _I00 _, with 27.3 degree inclination. At the next perigee passage

the upper stage burns for 210 seconds to establish the trs,usfer orbit. The Tug

and payload coast to apogee ;.;herethe Tug burns for 202 seconds to establish

the geosynchronous equatorial orbit.

The payload is deployed and the Tug begins phasing maneuvers to retrieve

the old payload, f,p_roximate].y 80 hours are allocated to the phasing s_nd

retrieval of the old payload. A±_er retrieval the Tug goes to the next shuttle

orbit node line and performs the transfer orbit burn, placing the Tug in a 165:

19323 NM, 28.5 degree orbit. The Tug coasts to perigee where an additional bur

of 700 Zips is made s,nd its propells,nt is depleted , its mission complete. This

orbit is 165 x 13675 NM wiZh period 7.3 hours.

The second tug now begins its part of the mission. It separates fr_ the

shuttle s,nd at the appropriate time performs a phasing orbit maneu,Jer -__th a

151 second burn. At the n_ perigee passage the tug completes the m_ueuver

to pierce the two tugs in the hybrid stable orbit, the first 1.5 revolutions

in this orbit are dedicated to rendezvous and dockir_g; the l_st half

revolution is given to the transfer to the phasing orbit.

PA_;t: C.3-313



The transfer orbit is established with a 29 second burn. The package

then coasts for _ 45 minutes. The phasing orbit is established with a 157

second burn. Coasting to the next perigee passage, the shuttle orbit inser-

tion is completed with 76 second burn. Rendezvous, docking and retrieval are

completed in the next five hours.

3 314PA_E _,. -
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6.3.7.2

Subject :

DOD MISSION 4

The maneuver table and mission time line is shown for a typical

multi-deploy mission into a high inclination, non circular_ 24 hour
orbit.

SPACE TJG TRAJECTORY MANEUVER TABLE -

TYPICAL "EGG BEATER" MISSION (DOD MISSION 4)

Presented in Table I is the maneuver table for the Space Tug "egg beater"

mission. The mission, as outlined, requires the deployment of four (4)
satellites, two (2) at apogee and two (2) at perigee. The mission orbit

is a twenty-four (24) hour non-circular orbit with the line of apsides

inclined 30 ° from the pole. This mission is typical of four similar missions

to deploy 16 satellites in four "egg beater" formations over the globe.

If this mission proves impossible as outlined, it will be accomplished by

the deployment of two satellites on each of two missions.

It is intended that the data in Table I be used as an initial input for time-

line and functional analysis in support of Task #1.
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6.3.7 •3 High Inclination Elliptical

The Maneuver table and time line for a typical elliptical

polar orbit are shown. The mission is performed with a single

stage Tug.

MANEUVER TABLE FOR PAYLOAD DEPLOYMENT AND RETRIEVAL IN AN

ELLIPTICAL POLAR ORBIT - SINGLE STAGE TUG

_/MMARY :

Table I contains the sequence of trajectory events required to launch

a Single Stage Tug from the western test range (WTR), place a satellite in

a 300 n. mi. x 3000 n. ml. polar mission orbit, retrieve a second satellite,

return to the Shuttle, and return to the WTR.

MISSION DESCRIPTION:

......../_ _,, a _u_ polar _ ...._.... _ _"
accomplished by a southerly laumch from the WTR into a 50 n. mi. x i00 n. mi.

orbit. Half a revolution after insertion_ at an altitude of i00 n. mi., the

perigee of the insertion orbit is raised from 50 n. ml. to 160 n. mi. The

Shuttle/Tug vehicles coast to apogee of the iOD n. m_, x 160 no m_: orbit _n4
the Shuttle circularizes the orbit.

The desired mission orbit is 300 n. mi. x 3000 n. mi. with an inclination

of 90°, and a line of apsides in the equatorial plane. In addition, perigee

of the mission orbit will be established at a descending node of the Shuttles

orbit• The First descending shuttle node after the Tug separates from the

....... occurs a _uu_^ more than one u_u_ _ after circularization. Although

the Tug could start maneuvering to place itself on a transfer trajectory to

the mission orbit at the first descending node opportunity, an additional

two revolutions in the 160 n. mi. circular orbit, and a revolution in a phasing

orbit are provided to meet a 360 ° in-plane phasing requirement.

At perigee of the phasing orbit (160 n. mi. x 1800 n. mi.) apogee is

raised to 3000 n. mi., the mission orbit apogee altitude. The Tug coasts

from perigee of the 160 n. mi. x 3000 n. mi. transfer trajectory to apogee•

At apogee the mission orbit is entered by raising perigee from 160 n. mi.

to 300 n. mi.

Coasting for one half of an orbit provides adequate time for P/L#l

deployment. At perigee (altitude of 300 n. mi.) a phasing orbit with an

apogee of 3063 n. mi. is entered. The period of the phasing orbit was based

on an assumed interval of ¼ period between perigee passage of the deployed

payload and the payload that is to be retrieved• The phasing orbit delta-V

was constrained to be approximately 50 fps which dictated that phasing for
27 revolutions in the 300 x 3063 n. mi. orbit would be required.



After insertion into the mission orbit, one and a half revolutions

have been provided for rendezvous and docking with P/L #2. Transfer

orbit insertion occurs at apogee of the mission orbit and it lowers per-

igee to 170 n. mi. Ater coasting in the transfer orbit for 180 °, a

phasing orbit insertion maneuver is executed at perigee. The phasing
orbit of 170 n. mi. x 2015 n. mi. has been selected to place the Tug

300 n. mi. ahead of and 10 n. mi. below the Shuttle after 2 revolutions

in the phasing orbit and circularization of the Tug orbit at 170 n. mi.

A deorbit opportunity, which permits the Shuttle/Tug to approach

WTR in a north-south direction occurs approximately 1.5 hours after the

Tug and Shuttle have docked. The total mission duration is approximately

4 days. The MPS delta-V required is 7233 fps not including midcourse

correction delta-V.
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6.3.7.4 High energy planetary

The maneuver table and timelines are shown for a High energy planetar_
mission. The tug is expended and the Mission energy C3 is 109 KM2/Se .

Subject: Preliminary Maneuver Table - Planetary Mission/Expended Tug

Table I presents the sequence of maneuvers required to perform the planetary

mission with an expended Tug. To reduce AV losses resulting from finite thrusting

at high altitudes, the Tug main burn is carried out in two parts separated by a

coast in a 200 x9000 n.mi orbit.

Mission Description:

The orbiter is launched from ETR into a 28.5 ° inclined orbit and delivers the

pi yl _ u_uul_ orbit _ I hr: _' _ co ._. _oTug us pa cad into a ±_ n.mi -"..........

orbiter achieves this through a sequence of 0MS-burns and coasts as indicated by

events 1 thru 7 in Table 1.

The V_ vector required for the planetary mission is directed along Right
Ascension _=_ _o _e_l_,_onn_ ___._ _ ~_._°_,o. The _._I_+_÷'_o__ _o..._v vector __th respect

to the ecliptic plan is -5.8 ° and its longitude is 255.2 °. This V_ direction

along with the assumption of an eastward launch fixes the hyperbolic orbit plane

in inertial space and results in an inclination of this plane to the ecliptic

plane of about 8.9 °. Launch G/_ should be such as to allow orbit precession during
the time interval to hyperbolic insertion to result in the desired hyperbolic orbit

plan. For the launch date 1O March 1986, launch will occur at approximately 7 z_4
GMT.

The TUg remains in circular orbit at 160 n.mi. for about 3 hours and ignites
for the first burn at 4 hrs: 37 rain: 46 sec. GET. This burn, lasting 920 sec,

over an arc of 65.8 ° places the TUg and payload into a 200 x 9000 n.mi. elliptic

orbit. This burnout has a true an.really of 32.7 ° on the ellipse. After coasting

for 4 hr: 43 rain: 30 sec the Tug re-ignites at a true anomaly angle of -45o.0,

burns for 951 sec over an arc of 83.1 c, and inserts the payload into the desired

hyperbolic orbit at 9 hr: 52 min: 27 sec GET°

Table 2 presents the trajectory data at various events on the trajectory.

The Tug burn data was provided by Lyle Dickey from optimization studies designed
to hold the &V losses to a practical minimumo
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TABLE 2

Start of Tu_ ist Burn

Altitude = 160o n.mi.

Speed = 25,353.8 fps

Flight Angle = 0.0o

_nd of Tu_ IS$ Burn

Altitude =

Speed =

Flight Angle =

True anomoly =

416. n.mi.

30,205.5 f_s
11.4 °

32.7 ° on 200 x 9000 n.mi. orbit

Start of Tu_ 2nd Burn

Altitude = 621. n.mi.

Speed = 29,186.2 fps

Fli@htAngle = 15.6o

End o$ Tug ,2nd Bt_rn

Altitude =

Speed =

Flight Angle =

True anomaly =

1029. n.mi.

47,001.5 fps
28.80

38.4 ° on hyperbolic orbit having

V_ =34,252.9 fps

hp =3Zl.n.mi.
half as3_-mptote-_ng!e = 69.8 °

PAC;F. G. 3-5t_4



t

(

_

.,-t o

v

v

E-4_o_
[-4

el

el

v

ol

o

o_

0 o

0 0 ._
i ,,,

!

o.

d
o
o

o
o
c'_

c_

,,0 _0

_0

!

8
o",

8

8

?

,-I

0_ o o_ _0

d d

oN
o o

o

PAGE 6.3-345
I I i I

o

o

o
c_

.,.f
0

"11

I

pq,o_

ro_

rl



_Zmloe_'e O I

¢v3
t--

. .i r_

C_
¢=

E_

E

Cc

P_

O
I
O
t--

ED

C_

8

Io

oo

O_ap
,e4

bDO'

O_J

.e4
_H

0

_o4_

,_o

0

0 0

1_1 m_ -_o

o

0

m

_o_
0

h E

_ 4._

_,'_

0

d_
0
o°

0
0

0 O0
O0

oo °o

O_
o° o°

O0

O0
O0

0 0
0_0
• _ o_

,--I,'-4
0 0

0

O0
_° _.

O0
O0

0

0
_0

0
0

0

H

0
0

0
0o

0

(XlO
_r_o
0. _.

O0

0
°°
0
0



o_

_4
_0

D_

ol

ee

c.)

C._ "°

0

_o_

_o_

40

40

r-_

%%% r-t ,t_

0
o

o

0
o

°_

°_

o

o
_ • 0 40 0

#_=_o °_ o
_ ®_ o _
_o_ __,_ ._£_o_ _ ®0

rd_ ¢J_ _ ['4_

•_ ,_ _ _
•_ • o_

= _. _'8 _ ,, • ,, o

r_

0

0 _ f_
•,-_ 0 0

°,_

o 40 40 0 _v_ _ 0
•_4 ._ _ 4o

._ °r'l_ o_

_._ _-_ _

_I _ ._ _-_

0 0
0 0

0 ..-t
0 ,-_

o 0 0
o o 0

PAuE {;.3-347



u'_

r_
.<

i

c
,¢

E

h

0

I-

J

O
I.-I

(.)

+_ _'_

o ,-I

_ o
.,.4

_ 4_
_ _ o

o

o
o
o
o_

X

o
o

11
£0

0

o

°_

4_
*el

g

o

0

o

+1

.,_

O _ ,_

O

ID_ bD.,-¢

.4

N

0

0

°
÷,

o _ _ _

•,_b_ OD _ .H .,-4

O _ O bOO ",--_,-I _ O _ O

•,-*+_ ,-I ..-I _ _0,_ ._.i_ ,-I

o_ _ _ o

__.. o oo . _ _ ,,.._._

_ "_

o_

v

o
*,-I

o
(D

_ 0 'C_ O_

O ,_.._"

•,-I_ _ _ ---_

,-I O0,-4

o o lb.., ,-I,--I _:_'_ t

_ " "_ _o_

o°

o

d;

&
o

o
o

o

o
o

o
o

,o

o

d;

o
o

o

,-4

0
o

,°

d;

PAGE 6.3-348



F

C !

r.)

ee

O "

__)

r-4

O
O
e°
O
O
,°

O

O
O
_0
O
O
,.

O

0

r-t

,<

0
E_

=H=8

4-_ I/

._ • 0

f

\

0
0

0
0
_°

0
0
H

0

PA_E 6.3-34_



6.3.8 Tracking Coverage

Ground tracking timelines of the Tug have been compiled for the

Geosynchronous Equatorial mission launched due east from the Eastern Test

Range (ETR), the High Energy Planetary mission also launched from the

ETR, and the High Inclination Elliptical (Polar) mission launched due south

from the Western Test Range (WTR).

The aforementioned missions were all tracked by the 15 station NASA/

STDN tracking stations described in Table 6/3.8-1. In addition, the geo-

synchronous mission was tracked by the 7 station DOD/SCF network outlined

in Table 6.3.8-2. All altitudes have been referenced to an earth radius

of 20925738 ft. Each STDN and SCF station was restricted from tracking

within 5 degrees of the local horizontal at the station.

The ground tracking timelines which follow list in a chronological

fashion the particular ground station which has acquired coverage of the

orbiting Tug, the ground elapsed time that the Tug was acquired, the time

_ -_._ _e vas and contact .._wmt contact _ _ Tug lost, the time for tho station.

?AGE f3.3-359



STATION NAME

GO_STOm_ ((mS)

Om_O_A_ VAU_ (0_)

Rosma (Ros)

mm (_n)

BERMUDA (mA)

JO_m_m_SB_G (BUR)

T__ (_)

ASCENSION (ACN)

ALASKA (ULA)

QoxTo (QOX)

HAWAII (HAW)

GuA_ (GW_)

CA_maY TSZAm) (Cn)

SANTIAGO (AGO)

TABLE 6.3.8-i

NASA/STDN TRACKING STATIONS

LATITUDE

35-16

40.26

-35.63

35.20

28.35

32.18

-25.89

-19. o1

-7.9o

64.98

-0.69.

21.99

i3.22

27.61

-33.15

LONGITUDE

243.13

355.83

148.96

277.13

279.31

295.34

27.71

47.30

345.67

212.48

281.42

200.33

i_4.74

•344.37

289.33

ALTITUDE

-2o363.

-26834.

-19861.

-20215.

-15933.

-19970.

-7534.

-293o.

383.

-55712.

10729.

-6153.

-3217.

-14552.

-18576.

STATION NAME

NES

VTS

HTS

KTS

IOS

GTS

CLASSIFIED

TABLE 6.3.8-2

DOD/SCF TRACKING STATIONS

LATITUDE .

42.95

3_.82

21.57

57.60

-_,.67

13.61

LONGITUDE

288.37

239.50

2Ol. 73

2o7.82

55._8

• t44.85

m--mon_

ALTITUDE

O.

0.

0.

O.

O.

O.

PA 6 G.3-351
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